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Abstract

Between April 11 and May 3, 2018, the National Oceanic and Atmospheric Administration
(NOAA) Office of Ocean Exploration and Research (OER) and partners conducted a 22-day,
telepresence-enabled expedition on NOAA Ship Okeanos Explorer to collect critical baseline
information about unknown and poorly understood deepwater areas surrounding the Gulf of
Mexico. The goal of the expedition was to use remotely operated vehicle (ROV) dives in
combination with mapping operations to increase scientific understanding of deep-sea
ecosystems of this region, as well as to provide a foundation of publicly-accessible data to spur
further exploration, research, and management activities.

Using OER’s dual-body ROV, the expedition conducted 15 ROV dives that ranged in depth from
500 to 3,010 meters, and included midwater exploration ranging in depth from 300 to 2,100
meters. Hundreds of species were observed, including first-time in sifu observations of some
species and previously unseen behaviors of others; several significant range extensions were also
documented. Sixty-five (65) biological samples were collected during the expedition (21 primary
and 44 associated and commensal taxa), some of which may be undescribed species. At least five
high-density communities of deep-sea corals were documented, including one at ~2,600 meters,
the deepest known from the Gulf of Mexico, and two previously unknown chemosynthetic
habitats were discovered. Twelve rock samples were collected for geochemical composition
analysis and age dating. The expedition surveyed two previously unexplored shipwrecks,
producing 3D photogrammetry of both sites. Over 22,099 square kilometers of seafloor were
mapped over the course of the expedition, including areas around Perdido Canyon that had never
before been mapped using high-resolution sonars.

All data collected during the expedition, including video, environmental, mapping,
oceanographic, and meteorological data, are publically available through the national archives.
Highlight images, videos, educational materials, and descriptions of the accomplishments of the
expedition are available via the expedition website
https://oceanexplorer.noaa.gov/okeanos/explorations/ex1803/welcome.html (Last accessed June
2020). There were 173 scientists from 35 institutions in six countries who participated remotely
in this expedition via telepresence technology.

This report can be cited as follows:

Maxon, A., Pawlenko, N., White, M., Skarke, A., Wagner, D., Cantelas, F., Jackson, L.,
Bowman, A. (2018). EX-18-03 Expedition Report: Gulf of Mexico 2018 (ROV/Mapping).
Office of Ocean Exploration and Research, Office of Oceanic and Atmospheric Research,
NOAA, Silver Spring, MD 20910. OER Expedition Cruise Report. EX-18-03. doi:
https://doi.org/10.25923/ksxr-vj32
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For further information, direct inquiries to:

NOAA Office of Ocean Exploration and Research
1315 East-West Hwy, SSMC3 RM 10210

Silver Spring, MD 20910

Phone: 301-734-1014

Fax: 301-713-4252

Email: oceanexplorer@noaa.gov
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1. Introduction

By leading national efforts to explore the ocean and make ocean exploration more accessible, the
NOAA Office of Ocean Exploration and Research (OER) is filling gaps in basic understanding
of deep waters and the seafloor, providing deep-ocean data, information, and awareness.
Exploration within the U.S. Exclusive Economic Zone (EEZ) and international waters, as part of
the Seabed 2030 efforts to produce a bathymetric map of the world ocean floor by 2030, supports
key NOAA, national, and international goals to better understand and manage the ocean and its
resources.

Using the latest tools and technology, OER explores unknown areas of the deep ocean. NOAA
Ship Okeanos Explorer is one such tool. Working in close collaboration with government
agencies, academic institutions, and other partners, OER conducts deep-sea exploration
expeditions using advanced technologies on NOAA Ship Okeanos Explorer, mapping and
characterizing areas of the ocean that have not yet been explored. Collected data about deep
waters and the seafloor—and the resources they hold—establishes a foundation of information
and fills gaps in the unknown.

All data collected during Okeanos Explorer expeditions adhere to federal open-access data
standards and are publicly available shortly after an expedition ends. This ensures the delivery of
reliable scientific data needed to identify, understand and manage key elements of the ocean
environment.

Exploring, mapping, and characterizing the U.S. EEZ are necessary to a systematic and efficient
approach for advancing the development of ocean resources, promoting the protection of the
marine environment, and accelerating the economy, health, and security of our nation. As the
only federal program dedicated to ocean exploration, OER is uniquely situated to lead partners in
delivering critical deep-ocean information to managers, decision makers, scientists, and the
public—leveraging federal investments to meet national priorities.

2. Expedition Overview

From April 11 through May 3, 2018, NOAA and partners conducted the final cruise of a three-
part, telepresence-enabled ocean exploration expedition on NOAA Ship Okeanos Explorer to
collect critical baseline information and improve knowledge about unexplored and poorly
understood deepwater areas of the Gulf of Mexico. The Gulf of Mexico 2018
(https.//oceanexplorer.noaa.gov/okeanos/explorations/ex1803/welcome.html) cruise was part of
a series of expeditions incorporating both at-sea and shore-based teams to explore unknown and
poorly known areas of this region, which helped to build on data collected in 2017.

2.1 Rationale for Exploration
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The Gulf of Mexico is home to a wide diversity and distribution of deep-sea habitats and
associated marine communities in the Gulf of Mexico basin. This expedition was the final
exploration effort planned in the Gulf of Mexico before the ship transitioned back to the East
Coast. As part of the planning for this expedition, NOAA collaborated with the scientific and
management communities to assess the exploration needs and data gaps in unknown and poorly
known deepwater areas in these largely unexplored U.S. waters.

Data and information from this expedition will help to improve scientific understanding of the
deep-ocean habitats of the Gulf of Mexico and the connections between communities throughout
the Gulf of Mexico basin. It will also inform deep-sea management plans for habitat areas of
particular concern (HAPCs), marine protected areas (MPAs), and national marine sanctuaries;
support local scientists and managers seeking to understand and manage deep-sea resources; and
stimulate subsequent exploration, research, and management activities.

This expedition also contributed to the ongoing collaborations with the NOAA Office of
National Marine Sanctuaries Maritime Heritage Program, the Bureau of Ocean Energy
Management (BOEM), the U.S. Geological Survey (USGS), and the NOAA National Marine
Fisheries Service (NMFS) Deep Sea Coral Research and Technology Program (DSCRTP)
Southeast Deep Coral Initiative (SEDCI).

This expedition used the ship’s deepwater mapping systems (Kongsberg EM 302 multibeam
sonar, Simrad EK60 split-beam fisheries sonars, Knudsen 3260 chirp sub-bottom profiler [SBP]
sonar, and Teledyne Acoustic Doppler Current Profiler [ADCP]), NOAA’s dual-body deepwater
remotely operated vehicles (ROVs), and a high-bandwidth satellite connection for real-time ship-
to-shore communications. ROV dives included high-resolution visual surveys of water column
and seafloor habitats as well as biological and geological sampling.

2.2 Objectives

NOAA Ship Okeanos Explorer cruises, in general, have a large number of objectives that can be
categorized as being either scientific or programmatic in nature. Typically, science objectives are
specific to a particular cruise or set of cruises, whereas programmatic objectives (i.e., operations,
telepresence, data management, education, and outreach) are common to all cruises. Below are
brief descriptions of the science and programmatic objectives for EX-18-03.

2.2.1 Science Objectives

EX-18-03 operations occurred in the Gulf of Mexico. The expedition addressed several scientific
themes and priority areas put forward by NOAA scientists and resource managers, the Gulf of
Mexico Fisheries Management Council, the South Atlantic Fishery Management Council
(SAFMC), BOEM, USGS, and the broad ocean science community indicated in the EX-18-03
Project Instructions found at https://repository.library.noaa.gov/view/noaa/21419 (Last accessed
August 2020). The primary objective of the expedition was to support priority NOAA science
and management needs, including multiple MPAs, by providing baseline information collected
during the Gulf of Mexico 2018 expedition. This expedition sought to:

4

@ . Ocean Exploration
V and Research 8


https://repository.library.noaa.gov/view/noaa/21419

e Acquire data about deepwater habitats in the Gulf of Mexico to support priority science
and management needs.

e Identify, map, and explore the diversity and distribution of benthic habitats, including
fish habitats, deep-sea coral and sponge communities, chemosynthetic communities, and
biological communities that colonize or aggregate around shipwrecks.

e Explore U.S. maritime heritage by identifying and investigating sonar anomalies as well
as characterizing shipwrecks.

e Investigate biogeographic patterns of deep-sea ecosystems and connectivity across the
Gulf of Mexico for use in broader comparisons of deepwater habitats throughout the Gulf
of Mexico basin.

e Map, survey, and sample geological features within the Gulf of Mexico to better
understand the geological context of the region and to improve knowledge of past and
potential future geohazards.

e C(ollect high-resolution bathymetry in areas with no or low-quality mapping data.

e Acquire a foundation of ROV, sonar, and oceanographic data to understand the
characteristics of the water column and fauna that live there.

e Engage a broad spectrum of the scientific community and the public in telepresence-
based exploration.

e Provide a foundation of publicly-accessible data and information products to spur further
exploration, research, and management activities.

2.2.2 Programmatic Objectives
a) Mapping and ROV Operations

Mapping objectives during each NOAA Ship Okeanos Explorer cruise are to collect high-
resolution acoustic data. Data were collected from all four types of sonars on the ship: EM 302
multibeam, EK60 echo sounder, 3.5 kHz SBP, and ADCPs. Mapping data were acquired during
transits, as well as on specific targets identified by the science team. Data from these systems
were processed as quickly as possible in order to generate daily mapping products that supported
ROV operations. Data quality was expected to be high, as a result of proper instrument
maintenance, careful planning of the surveys, and appropriate calibration of the instruments. For
example, standard operating procedure for the multibeam sonar is to obtain sound velocity
profiles at regular intervals—no longer than six hours—using expendable bathythermographs
(XBTs).

ROV objectives were to obtain high-quality video and sensor data on exploration targets to
achieve the science objectives. This most often involved surveying benthic habitats and features
in priority areas (e.g., deep corals and related benthic ecosystems, canyons, and seamounts), as
well as occasionally surveying in midwater for water column organisms. Benthic surveys were
not only used to characterize the habitats in each target area but also to ground-truth the acoustic
data with visual data (i.e., video). In 2015, the ROV was fitted with hydraulically-activated
sample boxes that permitted ROV pilots to collect limited geological and biological specimens.

b) Telepresence

4
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Telepresence objectives were to provide real-time, high-quality video and audio during ROV
dives to as wide a shoreside audience as possible. This audience included the general public,
students, and researchers—the latter of whom were either passively watching or actively
participating in the dives via teleconference or instant messaging. Telepresence was used to help
achieve the science objectives by extending the science team well beyond those actually onboard
the ship. Telepresence also helped to achieve the expedition’s education and outreach objectives
through live ship-to-shore events.

¢) Data Management

Data management objectives were to collect, process, distribute, and archive cruise data as
quickly and efficiently as possible. Effective data management provided a foundation of publicly
accessible information products to spur further exploration, research, and management activities;
it also stimulated interest in the deep-sea environment and the excitement of exploration. Each
year, new methods and new equipment, such as video encoders, are tried and tested in an effort
to improve data management activities.

d) Education and Outreach

Education and outreach objectives included the engagement of the general public in ocean
exploration through live video and a variety of other web-based products, both during and after
each cruise. Web content included topical essays written before the cruise, daily updates, mission
logs, highlight videos, still imagery and mapping products—all of which are posted on the OER
website (http://oceanexplorer.noaa.gov/okeanos/welcome.html). Additional activities, including
live telepresence events and ship tours, helped to expand the reach of this expedition.

3. Participants
EX-18-03 included at-sea mission personnel as well as shore-based science personnel who
participated remotely via telepresence technology. See Table 1 for the at-sea mission personnel

and Table 2 for the shore-based personnel who supported EX-18-03.

Table 1: EX-18-03 at-sea mission personnel.

Name (First, Last) Affiliation
LTIJG Nikolai Pawlenko Expedition Coordinator OER
. University Corporation for Atmospheric
Adam Skarke Science Lead Research (UCAR)
Daniel Wagner Science Lead DSCRTP
Michael White Mapping Lead OER/ERT, Inc.

4
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Jason Meyer

Mapping Watch Lead

UCAR

Lauren Jackson

Sample Data Manager

National Centers for Environmental

Information (NCEI)

Global Foundation for Ocean

Global Foundation for Ocean Exploration

Karl McLetchie Exploration (GFOE) Operations (GFOE)
Manager
Joshua Carlson Engineering Team GFOE
Fernando Aragon Engineering Team GFOE
Daniel Rogers Engineering Team GFOE
Jeff Laning Engineering Team GFOE
Robert “Bobby” Mohr Engineering Team GFOE
Andy Lister Engineering Team GFOE
Christopher Ritter Engineering Team GFOE
Don Liberatore Engineering Team GFOE
Tara Smithee Engineering Team GFOE
Annie White Engineering Team GFOE
David Casagrande Engineering Team GFOE
Caitlin Bailey Engineering Team GFOE
Roland Brian Engineering Team GFOE
Bob Knott Engineering Team GFOE
Lars Murphy Engineering Team GFOE

Table 2: EX-18-03 shore-based science team members.
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Name (First, Last)

Email

Affiliation

Adam Skarke adam.skarke@msstate.edu Mississippi State University
Adrienne Copeland adrienne.copeland@noaa.gov OER

Alexis Weinnig aweinnig@temple.edu Temple University

Alicia Caporaso Alicia.Caporaso@boem.gov BOEM

Allen Collins Collinsa@si.edu NOAA National Systematics Lab
Amanda Demopoulos ademopoulos@usgs.gov USGS

Allison Miller

a33miller@gmail.com

Schmidt Ocean Institute (SOI)

Woods Hole Oceanographic Institution

Amy Baco-Taylor abacotaylor@fsu.edu (WHOI)
Amy Bowman amy.bowman@noaa.gov OER
Alan Leonardi alan.leonardi@noaa.gov OER

Astrid Leitner

aleitner@hawaii.edu

University of Hawai'i at Manoa (UH)

Alexandra M. Avila

alexandra.m.avila@gmail.com

Oregon State University (OSU)

Amanda Netburn

amanda.netburn@noaa.gov

OER

Asako Matsumoto

amatsu@gorgonian.jp

Planetary Exploration Research Center

Amy Borgens Amy.Borgens@thc.texas.gov Texas Historical Commission
NOAA National Centers for Coastal Ocean
Andrew Shuler andrew.shuler@noaa.gov Science (NCCOS)
Ann Evankow ann.evankow(@gmail.com Ocean Genome Legacy, Inc
Andrea Quattrinil aquattrini@g.hmc.edu University of North Carolina Wilmington
Becky Allec becky.allee@noaa.gov NOAA Gulf féacs; g;:rvices Center
Ben Frable bfrable@ucsd.edu Scripps Institution of Oceanography (SIO)
Brian Kennedy brian.kennedy@noaa.gov OER

Brian Kennedy

brian@deepsubmergence.com,

Boston University

brisinga@gmail.com

National Museum of Natural History

Christopher Mah (USMN), Smithsonian Institution (SI)
Caitlin Adams caitlin.adams@noaa.gov OER

Caitlin Ruby caitlin.ruby@noaa.gov NOAA NCEI

Caitlin Wessel caitlin. wessel@noaa.gov NOAA Office of 1}?;}21)356 and Restoration
Carrie Wall Bell carrie.wall@noaa.gov University of Colorado Boulder
Catalina Martinez catalina.martinez@noaa.gov OER

Charles Bendig cdbendig@tamu.edu Texas A&M University
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Clint Edrington

cedrinl @gmail.com,
clint.edrington@noaa.gov,
che2@msstate.edu

The Northern Gulf Institute/NOAA NCEI

Charles Wilkins

charles.e.wilkins@noaa.gov

NOAA Ship Okeanos Explorer, NOAA
Office of Marine and Aviation Operations
(OMAO)

Christian Jones

christian.jones@noaa.gov

NMFS Southeast Fisheries Science Center,
Mississippi Laboratories

christopher.horrell@bsee.gov

Bureau of Safety and Environmental

Christopher Horrell Enforcement (BSEE)

Christopher Hayes christopher.t.hayes@usm.edu University of Southern Mississippi

Chris Kelley Sl @lnietn OER/Hazz‘it;i)irtf:;/SSiIReseamh

Claire Roberts claire.roberts@gulfcouncil.org NOAﬁﬁzéiﬁlfeﬁeéé?n?lShery

Cindy Lee Van Dover clv3@duke.edu Duke University

Craig McClain cmcclain@lumcon.edu Louisiana Universities Marine Consortium

Charles Messing messingc@nova.edu Nova Southeastern University

Chery Morrison cmorrison@usgs.gov USGS
cnunnally@gmail.com, .. . .. . .

C. Nunnally cnunnally@lumcon.edu Louisiana Universities Marine Consortium

Colleen Peters

colleenpeters@my.uri.edu

University of Rhode Island (URI)

craig.russell@noaa.gov

NOAA Northwest Fisheries Science Center
(WFSC), Fishery Resource Analysis and

Craig Russell Monitoring Division
Carolyn Ruppel cruppel@usgs.gov USGS
Daniel Haddock daniel.haddock@gemsinc.com Geoscience Earth and Marine Services

daniel.warren@pandcscientific.com,djwarr

Daniel Warren entx@gmail.com L0 RO
Derek Sutcliffe derek_sutcliffe@uri.edu URI
Delanie Kirwan dkirwan2016@fau.edu FAU
Dwight Coleman dcoleman@uri.edu URI

. q : Japan Agency for Marine-Earth Science
Dhugal Lindsay dhugal@jamstec.go and Technology (JAMSTEC)
Diana Sahy dihy@bgs.ac.uk, British Geological Survey
Diva Amon divaamon@gmail.com Natural History Museum, London

: NMES Pacific Islands Fisheries Science

Donald Kobayashi donald.kobayashi@noaa.gov Center
Douglas Jones douglas.jones@boem.gov BOEM

.:’iw . Ocean Exploration
V and Research

13



mailto:cedrin1@gmail.com
mailto:clint.edrington@noaa.gov
mailto:cnunnally@gmail.com

Erik Cordes ecordes@temple.edu Temple University

: . NOAA Office of National Marine
Elizabeth Weinberg elizabeth.weinberg@noaa.gov Sanctuaries (ONMS)
Emily Crum emily.crum@noaa.gov OER

Emma Hickerson

emma.hickerson@noaa.gov

NOAA ONMS, Flower Garden Banks
National Marine Sanctuary

Enrique Salgado

enrique.salgado@noaa.gov

NCCOS

Erin E. Easton

erineeaston@gmail.com

University of Texas Rio Grande Valley

Estefania Rodriguez

erodriguez@amnh.org

American Museum of Natural History
(AMNH)

Fritz Hanselmann

fhanselmann@rsmas.miami.edu

University of Miami

Frank Cantelas

frank.cantelas@noaa.gov

OER

Gabriele Morra

morra@louisiana.edu

University of Louisiana

Greg Cook

gcookl@uwf.edu

University of West Florida

G.P. Schmahl

george.schmahl@noaa.gov

NOAA ONMS, Flower Garden Banks
National Marine Sanctuary

George Matsumoto

mage@mbari.org

The Center for Microbial Oceanography

George Sedberry

george.sedberry@gmail.com

College of Charleston

Hannah Appiah-Madson

h.appiah-madson@northeastern.edu

Northeastern University

Heather Bracken Grissom

hbracken@fiu.edu,

Florida International University (FIU)

Heather Coleman

heather.coleman@noaa.gov

NOAA DSCRTP

Heather Judkins Judkins@mail.usf.edu University of South Florida St. Petersburg
Heather Olins olins@bc.edu Boston College
Holly Morin holly_morin@uri.edu URI

innerspacecenter@gmail.com

URI, Inner Space Center (ISC)

Irina Sorset

irina.sorset@bsee.gov

BSEE

Isabel Romero

isabelromero@mail.usf.edu

University of South Florida

innerspacecenter@googlegroups.com

URI, Inner Space Center

isc_engineering@etal.uri.edu

URI, Marine Biological Program

Jack Irion Jack.Irion@boem.gov BOEM

Jacob Blandford jacob.blandford@tnc.org The Nature Conservancy
Jim Delgado james.delgado@searchinc.com SEARCH, Inc
James Moore James.Moore@boem.gov BOEM

James Awbrey jawbrey@louisiana.edu ULL
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Jill Bourque jbourque@usgs.gov USGS

Jason Chaytor jchaytor@usgs.gov USGS

Jeffrey Herter jeff.herter@dos.ny.gov New York State Department of State

Jon Moore Jjmoore@fau.edu Florida Atlantic University (FAU)

National Environmental Satellite, Data, and

h .H . 9 )

John Hayes John.Hayes@noaa.gov Information Service (NESDIS)

Jonathan Jackson jonathan.jackson@noaa.gov NOAA NCEI

T john.lamkin@noaa.gov NOAA Southeas‘z ;:és;lsegfs Science Center

John Reed jreed12@fau.edu FAU

Jessica Robinson

jrobinson@uvic.ca

University of Victoria

Juan Armando Sanchez

Munoz

juansanc@uniandes.edu.co

Universidad de los Andes, Colombia

Kasey Cantwell

kasey.cantwell@noaa.gov

OER

Kate Rose

kate.rose@noaa.gov

NOAA RESTORE Science Program

Katie Wagner

katie.wagner(@noaa.gov

NOAA ORR Assessment and Restoration
Division

NOAA ONMS, Monterey Bay National

Katy Croff Bell katycroftbell@gmail.com Marine Sanctuary
Kelley Elliott kelley.elliott@noaa.gov OER

5 NOAA ONMS, Flower Garden Banks
Kelly Drinnen kelly.drinnen@noaa.gov National Marine Sanctuary
Kevin Boswell Kevin.boswell@fiu.edu FIU
Kevin Rademacher kevin.r.rademacher@noaa.gov NOAA SEFSC

Kim.Faulk@f-e-t.com,

Geoscience Earth & Marine Services

Kim Faulk kim.faulk@gemsinc.com (GEMYS)
: NOAA NCEI, University of Southern
Kirsten Larsen kirsten.larsen@noaa.gov e

Kristopher Benson

kristopher.benson@noaa.gov

NOAA Restoration Center

Kenneth Sulak ksulak@usgs.gov NOAA Restoration Center

Les Watling watling@hawaii.edu UH

Lisa Levin llevin@ucsd.edu University of California San Diego, SIO
Liz Shea eshea@delmnh.org Delaware Museum of Natural History
Mark Grace Mark.A.Grace@noaa.gov NOAA SEFSC

Mashkoor Malik mashkoor.malik@noaa.gov OER

Matt Dornback matt.dornback@noaa.gov OER
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matthew.poti@noaa.gov

NOAA NCCOS

Mark C. Benfield mbenfie@lsu.edu Louisiana State University (LSU)
Madalyn Newman madalyn.newman@noaa.gov NOAA NCEI
Senior Scientist
youngbluth@yahoo.com Division of Marine Science, Harbor Branch
Marsh Youngbluth Oceanographic Institution
. . North Carolina Museum of Natural

Megan McCuller mccullermi@gmail.com Sciences

OER/Hawai'i Undersea Research
Meagan Putts S G 0T Laboratory/UH

NOAA NCE]I, through the Northern Gulf

Megan Cromwell megan.cromwell@noaa.gov Institute
Melanie Damour Melanie.Damour@boem.gov BOEM

Mackenzie Gerringer

mgerring@uw.edu

University of Washington

Maggie Georgieva m.georgieva@nhm.ac.uk The Natural History Museum, London
Michael Ford michael.ford@noaa.gov NOAA NMFS NWFSC
Michael Parke michael.parke@noaa.gov NOAA NMFS

Michael Brennan mike.brennan@searchinc.com SEARCH, Inc

Michael Vecchione vecchiom@si.edu USNM, SI

mitsukou@jamstec.go.jp

Japan Agency for Marine-Earth Science

Mitsuko Hidaka and Technology (JAMSTEC)
. . Gulf of Mexico Fishery Management
Morgan Kilgour morgan.kilgour@gulfcouncil.org Council
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4. Methodology

To accomplish its objectives, EX-18-03 used:

e A dual-bodied ROV system—ROVs Deep Discoverer (D2) and Seirios—to conduct

daytime seafloor and water column surveys, as well as to collect a limited number of
samples to help further characterize the deepwater fauna and geology of the region.

e Sonar systems—Kongsberg EM 302 multibeam sonar, Knudsen 3260 SBP, Simrad EK60

split-beam sonars, and ADCPs—to conduct mapping operations at night and when the

ROVs were on deck.

e A high-bandwidth satellite connection for real-time ship-to-shore communications

(telepresence).

All environmental data collected during this expedition have been archived with NOAA archives
and are publicly accessible. The data management plan for EX-18-03 can be found in Appendix

A.

4.1 ROV Seafloor Surveys

ROV dive operations supported the expedition objectives listed in Section 2.2 and included high-
resolution visual surveys of seafloor and water column habitats as well as geological and
biological sampling. During each dive, the ROVs descended to the seafloor and then moved from
waypoint to waypoint, documenting the geology and biology of the area. Each ROV dive was
approximately 8-10 hours long, conditions and logistics permitting. Dives were primarily
conducted during the day (operations described in detail by Quattrini et al., 2015 and Kennedy et
al., 2019). Additional information about the general process of site selection, collaborative dive
planning, scientific equipment on the ROVs, and the approach to benthic exploration used on
NOAA Ship Okeanos Explorer can be found in Kennedy et al. (2019).

4
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At-sea and shore-based scientists identified organisms based on data available during real-time
assessments to the lowest taxon possible. Additionally, they provided geological interpretations
of the observed substrate throughout each ROV seafloor survey through audio commentary and a
chat log. Geological and biological annotations were recorded using Ocean Networks Canada’s
SeaTube v2 and SeaScribe.

For water column exploration, a series of transects were performed during vehicle ascent
following the completion of the benthic/seafloor exploration. Transects primarily targeted the
deep scattering layer and the waters directly above and below it. Specific transect depths were
decided each day during ROV descent through an evaluation of the Simrad EK60 data, which
acoustically determined the position of the deep scattering layer, and the ROV conductivity,
temperature, depth (CTD) data. Additionally, when seafloor depth allowed, a standard set of
deeper transects were also completed at 2,100, 900, 700, and 500 meters. The length of time of
the transects varied between 20 and 50 minutes at each depth, depending on the specific
objectives for water column exploration, conditions, and seafloor depth. Specific transect depths
and times are noted in each dive summary (see Section 7.1.1).

4.2 Sampling Operations

A limited number of geological and biological samples were collected on the seafloor using
ROV D2’s manipulator arms and geological and biological collection boxes. The primary goal of
the sampling operations was to collect voucher samples to be made publicly available for site
characterization.

For each sample collected, the date, time, latitude, longitude, depth, salinity, temperature, and
dissolved oxygen (DO) content were recorded at the time of collection. Geological samples were
acquired for age dating and geochemical composition analysis. Biological collections targeted
samples that represented potential new species, range extensions of animals not previously
known to occur in the region, dominant species at the site, and/or rare morphotypes. Samples
targeted to contribute to trans-Atlantic connectivity studies were also collected.

After vehicle recovery, samples were examined for commensal organisms, labeled,
photographed, and entered into a database with all relevant metadata. Any commensal organisms
found were separated from primary samples and processed separately as “associate” samples.

Geological samples were air dried and placed in rock bags or small containers, depending on the
size of the sample. At the conclusion of the NOAA Ship Okeanos Explorer 2018 expeditions,
these samples were shipped to the Marine and Geology Repository at Oregon State University
(OSU) where they will be photographed and entered into the university’s online database. Thin
and polished sections will be made for each hard-rock sample. Descriptions and photos are
included in the database.

Biological samples were subsampled for inclusion in the Smithsonian Institution’s National
Museum of Natural History (USNM) Biorepository for future barcoding and DNA extraction.
For this purpose, a small subsample, consisting of not more than 1 cm? of tissue, was removed

4
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from the original sample and placed in 95% analytical grade ethanol (EtOH).

For most of the biological samples, the remainder of the sample was also preserved in 95%
EtOH. Some of the samples from seep sites were also frozen for isotope analysis. For select taxa,
vouchers or subsamples were preserved in 10%, 5%, or 4% buffered formalin, per
recommendation from taxonomic experts and guidance provided by the USNM. Full details of
the preservation of each biological sample are in the associated metadata record. All voucher
samples and subsamples from EX-18-03 were shipped to the USNM for long-term archival and
public access. Additional information about accessing samples collected during this expedition
can be found in Section 7.2.1.

4.3 Acoustic Operations

Acoustic operations included Kongsberg EM 302 multibeam, Simrad EK60 split-beam, Knudsen
SBP, and ADCP data collection. The schedule of mapping operations included overnight transits
and whenever the ROVs were on deck. The ADCP’s and EK60 38kHz only run during ROV
dives. Lines were planned to maximize edge matching of existing data or filling of data gaps in
areas with incomplete bathymetry coverage. In regions with no existing data, exploration transit
lines were planned to optimize potential discoveries. Targeted mapping operations were
conducted in the vicinity of: (1) Perdido Canyon, (2) Pourtales Terrace, and (3) the West Florida
Escarpment.

4.3.1 Multibeam Sonar (Kongsberg EM 302)

Multibeam seafloor mapping data were collected using the Kongsberg EM 302 sonar, which
operates at a frequency of 30 kHz. Multibeam mapping operations were conducted during all
overnight transits between ROV dive sites. When possible, transits were designed to maximize
coverage over seafloor areas with no previous high-resolution mapping data. Overnight surveys
were also completed in areas that were previously mapped with a lower resolution multibeam
sonar system. Additionally, multibeam mapping operations were conducted directly over planned
ROV dive locations in order to collect seafloor mapping data to help refine dive plans.
Multibeam mapping operations collected data about seafloor depth (i.e., bathymetry), seafloor
acoustic reflectivity (i.e., seafloor backscatter), and water column reflectivity (i.e., water column
backscatter).

4.3.2 Sub-bottom Profiler (Knudsen Chirp 3260)

The primary purpose of the Knudsen Chirp 3260 (3.5 kHz) sonar is to image sediment layers
underneath the seafloor to a maximum depth of about 80 m below the seafloor, depending on the
specific sound velocity of the substrate. The sub-bottom profiler was operated simultaneously
with the multibeam sonar during mapping operations to provide supplemental information about
the sedimentary features underlying the seafloor.

4.3.3 Split-beam Sonars (Simrad EK60)

4
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NOAA Ship Okeanos Explorer is equipped with three Simrad EK60 split-beam sonar
transducers which operate at frequencies of 18, 38, 70, 120, and 200 kHz. EK60 sonars were
used continuously throughout EX-18-03, during both overnight mapping operations and daytime
ROV operations. The sonars provided calibrated, target-strength measurements of water column
features such as dense biological layers and schools of fish. These sonars helped to support the
EM 302 with identifying seeps on the seafloor. The EK60 was also used during midwater
transects of ROV dives to detect the depth of the deep scattering layers, which are aggregations
of biological organisms in the water column. The 38 kHz EK60 was only used during ROV
dives.

4.3.4 Acoustic Doppler Current Profiler (Teledyne Workhorse Mariner and Teledyne Ocean
Surveyor ADCPs)

NOAA Ship Okeanos Explorer is equipped with two ADCPs: a Teledyne Workhorse Mariner
(300 kHz) and a Teledyne Ocean Surveyor (38 kHz). The ADCPs provide information on the
speed and direction of currents underneath the ship. They were used throughout ROV dives to
support safe deployment and recovery of the vehicles.

4.3.5 Expendable Bathythermograph (Lockheed Martin Sippican Deep Blue XBT) Systems

The Lockheed Martin Sippican Deep Blue XBT probe was deployed to obtain sound velocity
profile and to help calibrate the multibeam system and ensure accurate bathymetric mapping.
XBTs were collected every six hours as environmental conditions were met and applied in real
time using Seafloor Information Software (SIS). Sound speed at the sonar head was determined
using sound speed from a flow-through thermosalinograph (TSG).

4.4 Conductivity, Temperature, and Depth (CTD)

CTD profiles were collected to provide better information on the critical properties of the water
column. Additional sensors installed on the ship’s CTD measured light scattering (LSS), DO,
and oxygen reduction potential (ORP).

4.5 Sun Photometer Measurements

OER gathers limited at-sea measurements aboard NOAA Ship Okeanos Explorer to support a
National Aeronautics and Space Administration (NASA)-led, long-term research effort that
assesses marine aerosols. As time allowed on cloud-free days during EX-18-03, at-sea personnel
collected georeferenced sun photometer measurements for the Maritime Aerosol Network
(MAN) component of the Aerosol Robotic Network (AERONET). AERONET is a network of
sun photometers that measure atmospheric aerosol properties around the world. MAN
complements AERONET by conducting sun photometer measurements on ships of opportunity
to monitor aerosol properties over the global ocean. More information about this NASA Survey
of Opportunity can be found in Appendix E.
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5. Clearances and Permits

Pursuant to the National Environmental Policy Act (NEPA), OER is required to include in its
planning and decision-making processes appropriate and careful consideration of the potential
environmental consequences of actions it proposes to fund, authorize, and/or conduct. The
companion manual for NOAA Administrative Order 216-6A
(https://www.nepa.noaa.gov/docs/NOAA-NAO-216-6A-Companion-Manual-03012018.pdf)
describes the agency’s specific procedures for NEPA compliance.

An environmental review memorandum was completed for all NOAA Ship Okeanos Explorer
expeditions in 2018 in accordance with Section 4 of the Companion Manual in the form of a
categorical exclusion (CE) worksheet (Appendix B). Based on this review, a CE was determined
to be the appropriate level of NEPA analysis necessary, as no extraordinary circumstances
existed that required the preparation of an environmental assessment or environmental impact
statement. OER 1is preparing a programmatic environmental assessment to cover future
expeditions. This evaluation document memorandum describes all activities that are part of the
SEDCI.

As required under Section 7 of the Endangered Species Act (ESA), OER conducted an informal
consultation with the NMFS Office of Protected Resources to request their concurrence with
OER’s biological evaluation determining that NOAA Ship Okeanos Explorer operations
conducted as part of SEDCI may affect, but are not likely to adversely affect, ESA-listed marine
species. The informal consultation was completed on July 13, 2017, when OER received a
signed letter from the Regional Administrator of South East Regional Office, stating that NMFS
concurs with OER’s determination that conducting proposed SEDCI cruises are not likely to
adversely affect ESA-listed marine species (Appendix C). OER completed consultation with
NOAA's Habitat Conservation Division on potential SEDCI impacts of OER’s operations to
Essential Fish Habitat (EFH). They concurred that OER’s operations would not adversely affect
EFH, provided adherence to OER’s proposed procedures and their guidance stated in the letter
(Appendix D). Copies of all environmental compliance are publicly available in the Project
Instruction for EX-18-03 https://repository.library.noaa.gov/view/noaa/21419 (Last accessed
September 2020).

6. Schedule and Map

EX-18-03 consisted of a total of 22 days at sea operations, from April 11, 2018, to May 3, 2018.
The ship departed from Pascagoula, Mississippi, and returned to port in Key West, Florida. See
Table 3 for a day-by-day breakdown of EX-18-03. There were 15 dives achieved (see Table 6
for details). See Figure 1 for a map of the ship's track, dive sites, and bathymetry collected
during EX-18-03.
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Table 3: EX-18-03 schedule.

April - May
Tuesday Wednesday Thursday Friday Saturday
4/8/2018 4/9/2018 4/10/2018 4/11/2018 4/12/2018 4/13/2018 4/14/2018
Mobilization NOAA Ship Dive 01: Dive 02: Overnight
of vessel in Okeanos Engineering and | Engineering mapping to
Pascagoula, Explorer Cultural and Cultural Whiting
Mississippi embarking on Heritage* Heritage* Dome
the Gulf of
Mexico 2018 BOEM 15445 BOEM 15572 | Rough
expedition from (Thunder weather
Pascagoula, Shakedown Hawks)
Mississippi objectives
readiness and
archaeological
focus
4/15/2018 4/16/2018 4/17/2018 4/18/2018 4/19/2018 4/20/2018 4/21/2018
Transit to Dive 03: Dive 04: Dive 05: North | Dive 06: Hidalgo | Dive 07: Mud | Transit to
next dive Unnamed Unnamed wall of Perdido | Basin/GB 903 Volcano in Pascagoula,
site due to Ridge in Mound in EB | Canyon/AC 813 WR 488 Mississippi,
rough GC973 1009 Seafloor Biology for Engine
weather Geology Geology Repairs
Seafloor Seafloor
Biology Biology
4/22/2018 4/23/2018 4/24/2018 4/25/2018 4/26/2018 4/27/2018 4/28/2018
Pascagoula | Pascagoula | Repairs Dive 08: Dive 09: Dive 10: North | Dive 11:
for Engine | for Engine complete— Northern West | Northern End of | West Florida South of Long
Repairs Repairs Departing Florida West Florida Escarpment Mounds and
Pascagoula Escarpment, Escarpment, Bend, DeSoto | Midwater
and Transiting | DeSoto Canyon | DeSoto Canyon | Canyon Transects
to the West Region Region (DC 862) | Region (DC
Florida 862) Seafloor
Escarpment Seafloor Seafloor Biology/Mid
Biology Biology/ Seafloor water
Midwater Biology
West Florida Big Bend
Deep North
"=é Ocean Exploration
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4/29/2018 4/30/2018 5/1/2018 5/2/2018 5/3/2018
Dive 12: Dive 13: Dive 14: Dive 15: NOAA Ship
South of Southern Southern West | Southern West | Okeanos
Okeanos West Florida | Florida Florida Explorer arrived
Ridge Escarpment | Escarpment Escarpment at port in Key
Ridge and Canyon Ridge [ Ridge, West, Florida
Seafloor Midwater Pourtales
Biology Transects Seafloor Terrace
Biology Sinkhole
Seafloor
Biology Pulley Ridge Seafloor
Biology
Toe Ridge

*Locations of Dive 01 and 02 are restricted

The expedition focused on acquiring data about priority exploration areas identified by the ocean
management and scientific communities, building on the Gulf of Mexico 2017 expedition. The
EX-18-03 expedition consisted of exploration of deep-sea coral and sponge communities,
bottomfish habitats, undersea canyons, shipwrecks, and a variety of chemosynthetic habitats
including cold seeps, mud volcanoes, and brine pools. For Dives 01 and 02, OER followed the
Operational Policy and Procedures for Underwater Cultural Heritage (UCH) Missions conducted
onboard NOAA Ship Okeanos Explorer. This expedition helped to establish baseline information
in the region to catalyze further exploration, research, and management activities.

4
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Figure 1. Map showing the ship track, 15 ROV dive sites, and bathymetry data collected during EX-18-03.

7. Results

Metrics for EX-18-03’s major exploration and scientific accomplishments are summarized in
Tables 4 and 5. More detailed results are presented in the subsections that follow.

Table 4: Summary of exploration metrics for EX-18-03.

Exploration Metrics

Days at sea 22
Days at sea in U.S. EEZ 22
Linear km mapped by EM 302 4238
Square km covered by EM 302 22,099
Square km covered by EM 302 in U.S. EEZ 21,743
Vessel CTD casts 1
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XBT casts 72
ROV dives 15
ROV dives in U.S. EEZ 15
Maximum ROV seafloor depth (m) 3010
Minimum ROV seafloor depth (m) 500
Total time on bottom (hh:mm:ss) 90:09:16
Total ROV time (hh:mm:ss) 126:56:07

Table 5: Summary of scientific metrics for EX-18-03.

Scientific Metrics

Actively participating scientists, students, and resource 173
managers

Total samples 98
Biological samples (primary) 21
Biological associate samples 44
Geological samples 12
Geological associate samples 0

7.1 ROV Survey Results

Depth ranges explored during the 15 ROV surveys were between 500 to 3010 meters. During the
15 dives, the ROVs spent a total of 90 hours on the bottom (see Table 5 for more cumulative
results). See Table 6 for dive-specific information about each of the dives.

Table 6: Summary information for the 15 ROV dives conducted during EX-18-03.

On Bottom Max Dive Bottom Diverse Corals/
Date Dive On Bottom Longitude Depth Duration Time Community Sponges
(mmddyyyy) # Site Name Latitude (dd) (dd) (m) (hh:mm:ss) (hh:mm:ss) Weather Present Present
4/12/2018 01 ]1325115\/[ N/A N/A N/A 8:2:11 6:51:27 Calm Yes No
BOEM
15572
4/13/2018 02 | (Thunder N/A N/A N/A 8:12:14 5:54:35 Calm No No
Hawks)
4/14/2018 No Dives. Rough weather
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4/15/2018

In Transit. Rough weather

4/16/2018

03

Unnamed
Ridge in
GC973

27°,0.65'N

91°,40.439'
W

1574.0 m

7:43:37

5:47:20

Calm

No

No

4/17/2018

04

Unnamed
Mound in
EB 1009

27°,0.703'N

93°, 54.663"
\

898.0 m

8:12:3

7:5:51

Good

YES

4/18/2018

05

North Wall
of Perdido
Canyon/AC
813

26°, 8.683' N

94°, 52.003"
W

2797.0 m

7:53:5

4:40:0

Good

Yes

4/19/2018

06

Hidalgo
Basin/GB
903

27°,5.764'N

92°,49.244' W

1104.0 m

7:26:44

5:59:10

Good

Yes

Yes

4/20/2018

07

Mud
Volcano in
WR 488

26°, 28.243'

N 91°, 43.683' W

2249.0 m

8:17:53

5:34:31

Good

No

Yes

4/21/2018

Transit to Pascagoula, Mississippi. Mapping operations throughout the day and night

4/22/2018

Repairs in Pascagoula, Mississippi

4/23/2018

Repairs in Pascagoula, Mississippi

4/24/2018

Transit to next dive site from Pascagoula, Mississippi

4/25/2018

08

Northern
West
Florida
Escarpm-
ent, DeSoto
Canyon
region

28°,17.023'
N

87°,13.382'W

2635.0 m

8:15:21

5:25:7

Good

Yes

Yes

4/26/2018

09

Northern
End of West
Florida
Escarpme-
nt, DeSoto
Canyon
region (DC
862)

28°,7.397'N

86°,39.527' W

2261.0 m

7:52:53

5:26:31

Good

Yes

Yes

4/27/2018

North West
Florida
Escarpm-
ent Bend,
DeSoto
Canyon
region (DC
862)

27°,42.5'N

85°,44.897
W

3010.0 m

10:19:57

6:52:55

Good

No

Yes

4/28/2018

11

South of
Long
Mounds

26°,22.571"
N

84°,46.396' W

535.0 m

10:3:45

6:41:58

Good

Yes

Yes

4/29/2018

12

South of
Okeanos
Ridge

25°,36.274'
N

84°,33.039'
\

515.0 m

8:19:20

7:2:9

Good

Yes
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Southern

S 24°,55.012'|  84°,29.368'

4/30/2018 13 Florida > > 2240.0 m 10:15:5 5:16:32 Good Yes Yes

Escarpment L w

Ridge

Southern
West
5/1/2018 14 | Florida 24%,34.693" 010 16263 W/ 2366.0 m 8:10:2 5:13:58 Good Yes Yes

Escarpme- N
nt Canyon

Ridge

5/2/2018 15

Southern
West
Florida
Escarpme- 24°,16.809' 82°, 15.455'
nt Ridge, N W
Pourtales
Terrace
Sinkhole

500.0 m 7:51:57 6:17:12 Good Yes Yes

7.1.1 Accessing ROV Data'

OER Digital Atlas

ROV data from EX-18-03 are archived at NCEI and available through OER’s Digital Atlas at
https://www.ncei.noaa.gov/maps/oer-digital-atlas/mapsOE.htm (Last accessed June 2020). To
access these data, click on the Search tab, enter “EX1803” in the Enter Search Text field, and
click Search. Click on the point that represents EX-18-03 to access data options. In the pop-up
window, select the ROV Data Access tab for links to the ROV dive data, which is organized by
dive.

ROV Dive Summaries

Individual ROV dive summaries and associated ROV dive data are archived at NCEI and
available on their Okeanos Explorer website at: https://www.ncei.noaa.gov/waf/okeanos-rov-
cruises/ex1803/ (Last accessed June 2020).

SeaTube v2 and SeaScribe

OER works closely with Ocean Networks Canada to implement SeaTube v2 at
https://data.oceannetworks.ca/SeaTubeV2 (Last accessed June 2020), a web-based annotation
interface for ROV operations on expeditions aboard NOAA Ship Okeanos Explorer. SeaTube v2
is the digital equivalent to a scientist's logbook. It is used by at-sea and shore-based scientists to
log real-time observations on a variety of topics. To watch a video of a dive and search and
export annotations, click on the Videos tab and select “NOAA”, “2018”, “NOAA OER Gulf of
Mexico”, and “EX-18-03" under the Expeditions collapsible menu.

7.2 Sampling Operations Results

A total of 98 samples were collected during EX-18-03: 12 geological samples, 21 biological
samples, 21 biological subsamples, and 44 associate samples (see Table 5 for more cumulative

1 If you are unable to access the results noted here, contact ex.expeditioncoordinator@noaa.gov.
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results). The geological samples included multiple carbonate rock, a carbonate mud sample,
authigenic carbonate rock, a bedded sedimentary rock, a ferromanganese-crusted limestone, a
metamorphic rock, and an unknown black rock. See Table 7 for full details about the geological
samples collected.

Table 7: Invento geological samples collected during EX-18-03.

Collection Date UTC Time Latitude | Longitude
Sample # Sample ID | Preservation | Rationale Site Name (yyyymmdd) | (hhmmss) (dd) (dd) Depth (m)
Bedded
EX1803_D04 . . Unnamed Mound 638.650024
101G sedl:;lzﬂtary washed and dried Other in EB 1009 20180417 193128 27.010000( -93.919998 414063 13
EX1803_D04 | Unknown black . Unnamed Mound 639.130004| 5.6999998
026G rock washed and dried Other in EB 1009 20180417 201517 27.010000| -93.919998 882813 | 0926514
EX1803 D06 [Authigenic . Dominant | Hidalgo Basin/GB 1101.47314| 2.2799999
101G carbonate rock washed and dried Fauna 903 20180419 151518 27.096469| -92.820953 453125 7138977
Northern West
EX1803_DO8 Dominant Florida 2631.98999 [ 8.5699996
01G Carbonate rock | washed and dried Fauna Escarpment, 20180425 151142 28.280000| -87.220001 023438 | 9482422
- DeSoto Canyon
region
Northern West
EX1803_D08 Florida 2322.78002 0.0399999
- Carbonate mud | washed and dried Other Escarpment, 20180425 200600 28.286546( -87.225112 N .
04G 9296881991059303
- DeSoto Canyon
region
Northern West
EX1803 D10 | Metamorphic s 2574.46997 | 9.3000001
03G - rock washed and dried Other Escarpment Bend 20180427 220137 27.719999 -85.75 070313 9073486
DeSoto Canyon
region (DC 862)
EX1803 D11 . Dominant South of Long 532.169982| 0.2099999
01G Carbonate rock | washed and dried Fauna Mounds 20180428 144232 26.379999| -84.769996 910156| 93443489
EX1803_D11 . Dominant South of Long 478.700012 | 22.200000
05G Carbonate rock | washed and dried Fauna Mounds 20180428 202549 26.379999| -84.769996 207031| 7629395
EX1803 D12 . Dominant | South of Okeanos 512.570007 [ 8.4499998
01G Carbonate rock | washed and dried Fauna Ridge 20180429 143605 25.600000| -84.550003 324219| 0926514
EX1803 D12 . Dominant | South of Okeanos 438.170013 | 12.640000
04G Carbonate rock | washed and dried Fauna Ridge 20180429 185523 25.610000| -84.550003 227734| 3433228
Southern West
EX1803_D14 . Florida 2344.63989| 4.3000001
002G Carbonate rock | washed and dried Other Escarpment 20180501 160818 24.579999| -84.269996 257813 9073486
Canyon Ridge
Southern West
Ferromanganes Florida
LD DI e-crusted washed and dried Other Escarpment 20180502 174223 24.280000| -82.2600025 CERIPE 9.5
01G . . 896484
- limestone Ridge, Pourtales
Terrace Sinkhole

There were 21 biological samples that were purposely collected (primary samples), as well as 44
samples that were incidentally collected (associate samples). In total, these samples amounted to
65 individuals. The biological samples included a variety of corals, known animals, and potential
new species as seen in Figure 2. See Table 8 for full details about the biological samples
collected.
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Table 8: Inventory of biological samples collected during EX-18-03.

Preserv- UTC Tempera- | Dissolved
ative Collection Site Date Time Latitude Longitude Depth | Salinit) ture Oxygen
Sample #* Rationale Name 'ymmdd) (hhmmss) (GGY) (dd) (ppt) ((®) (mg/l)
Unnamed
EX1803_D04 01G_AOl | Caryophyllia EtOH Mound in 638.6500 | 34.930000
sp. EB 1009 20180417 193128 27.010000| -93.919998 244 31 7.25] 3.950000048
Unnamed
EX1803_D04 02G_AOl | Caryophyllia EtOH Mound in 639.1300 | 34.580001
sp. EB 1009 20180417 201517| 27.010000| -93.919998 049 83 [ 7.710000038 | 3.900000095
Hidalgo
EX1803_D06 01G_AO01 EtOH Basin/GB 1101.473 | 34.944751
Brachiopoda 903 20180419 151518 27.096469 | -92.820953 145 74(4.791210175 | 5.846819878
Hidalgo
EX1803_D06 01G_A02 EtOH Basin/GB 1101.473 | 34.944751
Ophioroidea 903 20180419 151518 27.096469 | -92.820953 145 74(4.791210175 | 5.846819878
Hidalgo
EX1803_D06 01G_A02 EtOH Basin/GB 1101.473 | 34.944751
Polychaeta 903 20180419 151518 27.096469 | -92.820953 145 74(4.791210175 | 5.846819878
Potential Hidalgo
EX1803_D06 _02B EtOH| Undescribed Basin/GB 1051.089 | 34.950000
Myxasteridae Species 903 20180419 174446 27.090000 | -92.819999 966 76 | 4.809999943 | 5.789999962
Nar.ellla. Potential Hidalgo
EX1803_D06 03B pauciflora EtOH| Undescribed| Basin/GB 1054.689 | 34.939998
Species 903 20180419 182705 27.090000| -92.819999 941 63 [ 4.849999905 | 5.789999962
Polyacanthorvmt Hidalgo
EX1803_D06_04B | us merretti EtOH Basin/GB
Other 903 20180419 999999 | 27.005140| -93.916046
Mud
EX1803_D07 01B Lepidisis EtOH Dominant [ Volcano in 2188.739 [ 34.979999
caryophyllia Fauna WR 488 20180420 184836 | 26.4699993 [  -91.720001 99 54 4.28000021 | 6.579999924
New or Mud
EX1803_D07 02B EtOH Unusual | Volcano in 2168.310 | 34.970001
Sclerolinum sp. Morphotype WR 488 20180420 192841 26.469999 -91.720001 059 22| 4.28000021| 6.590000153
Mud
EX1803_D07 _02B_A01 EtOH Volcano in 2168.310 | 34.970001
Ophioroidea WR 488 20180420 192841 26.469999( -91.720001 059 22| 4.28000021| 6.590000153
Mud
EX1803 D07 02B_A02 EtOH Volcano in 2168.310 | 34.970001
Gastropoda A WR 488 20180420 192841 | 26.469999 -91.720001 059 22| 4.28000021| 6.590000153
Mud
EX1803_D07_02B_A03 EtOH Volcano in 2168.310 [ 34.970001
Polychaeta ‘WR 488 20180420 192841 26.469999( -91.720001 059 22| 4.28000021| 6.590000153
Mud
EX1803_D07_02B_A04 EtOH Volcano in 2168.310] 34.970001
Gastropoda B WR 488 20180420 192841 26.469999( -91.720001 059 22| 4.28000021| 6.590000153
Northern
West
Florida
EX1803_D08 01G_AO01 Escarpment,
DeSoto
Canyon 2631.989 | 34.970001
Polychaeta A EtOH region 20180425 151142 28.280000( -87.220001 99 2214.329999924 | 6.570000172
Northern
West
Florida
EX1803 D08 01G_A02 EtOH Escarpment,
DeSoto
Canyon 2631.989 | 34.970001
Polychaeta B region 20180425 151142 28.280000| -87.220001 99 2214.329999924 | 6.570000172
Northern
West
Florida
EX1803_D08 01G_A03 Escarpment,
DeSoto
E(©OH Canyon 2631.989 | 34.970001
Hexactinellida region 20180425 151142 28.280000( -87.220001 99 2214.329999924 | 6.570000172
Northern
West
EX1803_D03_02B flonde
- = Escarpment,
EtOH Potential DeSoto 2549.850 | 34.970001
Circeaster sp. New Species Canyon 20180425 164442 28.280000| -87.220001 098 22(4.320000172 | 6.559999943

Ocean Exploration
and Research 30




region

EX1803_DO08_03B

Bathypathes sp.

EtOH

Range
Extension

Northern
West
Florida
Escarpment,
DeSoto
Canyon
region

20180425

192206

28.290000

-87.220001

2325.239
99

34.970001
22

4.309999943

6.5

EX1803_D09_01B

Primnoidae

EtOH

Dominant
Fauna

Northern
End of West
Florida
Escarpment,
DeSoto
Canyon
region (DC
862)

20180426

162534

28.120000

-86.660003

2176.919
922

34.970001
22

4.309999943

6.570000172

EX1803 D10 01B

Umbellula sp.

EtOH

Other

North West
Florida
Escarpment
Bend,
DeSoto
Canyon
region (DC
862)

20180427

164514

27.709999

-85.75

2945.860
107

34.970001
22

4.360000134

6.610000134

EX1803_D10_02B

Sibogaster sp.

EtOH

Other

North West
Florida
Escarpment
Bend,
DeSoto
Canyon
region (DC
862)

20180427

211239

27.729999

-85.760002

2597.040
039

34.970001
22

4.329999924

6.480000019

EX1803_D10_03G_A01

Hormethiidae

EtOH

North West
Florida
Escarpment
Bend,
DeSoto
Canyon
region (DC
862)

20180427

220137

27.719999

-85.75

2574.469
971

34.970001
22

4.320000172

6.489999771

EX1803_D10_03G_A02

Euplectellidae

EtOH

North West
Florida
Escarpment
Bend,
DeSoto
Canyon
region (DC
862)

20180427

220137

27.719999

-85.75

2574.469
971

34.970001
22

4.320000172

6.489999771

EX1803_D10_03G_A03

Polychaeta

EtOH

North West
Florida
Escarpment
Bend,
DeSoto
Canyon
region (DC
862)

20180427

220137

27.719999

-85.75

2574.469
971

34.970001
22

4.320000172

6.489999771

EX1803 D11 _02B

Acanthogorgia
sp.

EtOH

Other

South of
Long
Mounds

20180428

151742

26.379999

-84.769996

525.2700
195

34.919998
17

7.300000191

4.010000229

EXI1803 D11_02B_A01

Chyrostylidae

EtOH

South of
Long
Mounds

20180428

151742

26.379999

-84.769996

525.2700
195

34.919998
17

7.300000191

4.010000229

EX1803 DI11_02B_A02

Polychaeta

EtOH

South of
Long
Mounds

20180428

151742

26.379999

-84.769996

525.2700
195

34.919998
17

7.300000191

4.010000229

EX1803 D11 03B

Acanthogorgia
sp.

EtOH

Other

South of
Long
Mounds

20180428

161221

26.379999

-84.769996

520.8300
171

34.919998
17

7.369999886

3.980000019

EX1803 D11 04B

Paramuricea
sp.

EtOH

Other

South of
Long
Mounds

20180428

194008

26.379999

-84.769996

472

34.979999
54

8.109999657

3.799999952

EX1803 D11_04B_A01

Hexactinellidae

EtOH

South of
Long
Mounds

20180428

194008

26.379999

-84.769996

472

34.979999
54

8.109999657

3.799999952

EX1803 D11_04B_A02

Polychaeta

EtOH

South of
Long
Mounds

20180428

194008

26.379999

-84.769996

472

34.979999
54

8.109999657

3.799999952

Ocean Exploration
and Research

31




South of
EX1803_D11 05G_AO01 EtOH Long 478.7000 [ 34.939998
Nuriceides Mounds 20180428 202549 | 26.379999 | -84.769996 122 63 [ 7.630000114 | 3.890000105
South of
EX1803_D11_05G_A02 EtOH Long 478.7000 | 34.939998
Ophioroidae Mounds 20180428 202549 | 26.379999 | -84.769996 122 63]7.630000114 | 3.890000105
South of
EX1803_D11 05G_A03 EtOH Long 478.7000 [ 34.939998
Hexactinellidae Mounds 20180428 202549 | 26.379999 | -84.769996 122 63 [ 7.630000114 | 3.890000105
South of
EX1803_D11_05G_A04 EtOH Long 478.7000 | 34.939998
Polychaeta Mounds 20180428 202549 | 26.379999 | -84.769996 122 63]7.630000114 | 3.890000105
South of
EX1803_D11 05G_A05 EtOH Long 478.7000 [ 34.939998
Stylasteridae Mounds 20180428 202549 | 26.379999 | -84.769996 122 63 [ 7.630000114 | 3.890000105
South of
EX1803_D11_05G_A06| Caryophyllia EtOH Long 478.7000 [ 34.939998
sp. Mounds 20180428 202549 | 26.379999 | -84.769996 122 63]7.630000114 | 3.890000105
South of
EtOH Long 478.7000 [ 34.939998
EX1803_D11 05G_A07| Hydroidolina Mounds 20180428 202549 | 26.379999 | -84.769996 122 63| 7.630000114 | 3.890000105
South of
EtOH Long 478.7000 [ 34.939998
EX1803_D11_05G_A08| Octocorallia Mounds 20180428 202549 | 26.379999 | -84.769996 122 63]7.630000114 | 3.890000105
South of
EtOH Okeanos 512.5700 | 34.939998
EX1803_D12 01G_AO01 Polychaeta Ridge 20180429 143605 25.600000| -84.550003 073 63| 7.630000114 | 3.900000095
South of
EtOH Okeanos 512.5700 | 34.939998
EX1803 D12 01G_A02 Bryozoa Ridge 20180429 143605 25.600000| -84.550003 073 63 7.630000114 | 3.900000095
South of
EtOH Okeanos 512.5700 | 34.939998
EX1803_D12 01G_A03| Octocorallia Ridge 20180429 143605 25.600000| -84.550003 073 63| 7.630000114 | 3.900000095
South of
EtOH Okeanos 512.5700 | 34.939998
EX1803 D12 01G_A04 | Hexactinellida Ridge 20180429 143605 25.600000| -84.550003 073 63 7.630000114 | 3.900000095
South of
EtOH Okeanos 512.5700 | 34.939998
EX1803_D12 01G_A05 Echinoidea Ridge 20180429 143605 25.600000| -84.550003 073 63| 7.630000114 | 3.900000095
South of
EtOH Dominant Okeanos 467.2399 | 34.950000
EX1803_D12 02B| Primnoidac Fauna Ridge 20180429 153100 25.610000| -84.550003 902 76| 7.739999771 | 3.880000114
South of
EtOH Okeanos 467.2399 | 34.950000
EX1803_D12_02B_A01| Ophioridae Ridge 20180429 153100 25.610000| -84.550003 902 76| 7.739999771 | 3.880000114
South of
EtOH Okeanos 437.0499 [ 35.029998
EX1803_D12 03B| Antipatharia Other Ridge 20180429 181028 [ 25.610000 | -84.550003 878 781 8.619999886 | 3.730000019
South of
EtOH Okeanos 438.1700 | 35.029998
EX1803_D12_04G_A01 | Hexactinellida Ridge 20180429 185523 25.610000| -84.550003 134 78] 8.640000343 | 3.730000019
South of
EtOH Okeanos 438.1700 | 35.029998
EX1803_D12 04G_A02| Scleractinia Ridge 20180429 185523 25.610000 | -84.550003 134 78| 8.640000343 | 3.730000019
South of
EtOH Okeanos 438.1700 | 35.029998
EX1803_D12_04G_A03| Stylasteridac Ridge 20180429 185523 25.610000| -84.550003 134 78] 8.640000343 | 3.730000019
South of
EtOH Okeanos 438.1700 [ 35.029998
EX1803_D12 04G_A04| Branchiopoda Ridge 20180429 185523 25.610000 | -84.550003 134 78| 8.640000343 | 3.730000019
South of
EtOH Okeanos 438.1700 | 35.029998
EX1803_D12_04G_AO05 Ophioridae Ridge 20180429 185523 25.610000| -84.550003 134 78 | 8.640000343 | 3.730000019
Southern
West
EtOH New or Florida
Unusual | Escarpment 2229.149 ] 34.970001
EX1803_D13 01B| Keratoisis sp. Morphotype Ridge 20180430 153336 24.920000 | -84.489997 902 2214.300000191 | 6.650000095
Southern
West
EtOH Potential Florida
Undescribed | Escarpment 2184.040 34.970001
EX1803_D13_02B| Telopathes sp. Species Ridge 20180430 163451 24.920000 | -84.489997 039 2214.300000191 | 6.639999866
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EX1803_D13_03B

Pheronematidae

EtOH

Other

Southern
West
Florida
Escarpment
Ridge

20180430

193555

24.909999

-84.489997

2127.139
893

34.970001
22

4.289999962

6.610000134

EX1803_D14 01B

Bathygorgia sp.

EtOH

Other

Southern
West
Florida
Escarpment
Canyon
Ridge

20180501

152631

24.579999

-84.269996

2360.600
098

34.970001
22

4.300000191

6.679999828

EXI1803_D14 02G_A01

Crinoidea (stalk
only)

EtOH

Other

Southern
West
Florida
Escarpment
Canyon
Ridge

20180501

160818

24.579999

-84.269996

2344.639
893

34.970001
22

4.309999943

6.650000095

EX1803_ D14 02G_A02

Hexactinellida

EtOH

Southern
West
Florida
Escarpment
Canyon
Ridge

20180501

160818

24.579999

-84.269996

2344.639
893

34.970001
22

4.309999943

6.650000095

EX1803 D14 02G_A03

Polychaeta

EtOH

Southern
West
Florida
Escarpment
Canyon
Ridge

20180501

160818

24.579999

-84.269996

2344.639
893

34.970001
22

4.309999943

6.650000095

EX1803_D14_03B

Monachocrinus
sp.

EtOH

Southern
West
Florida
Escarpment
Canyon
Ridge

20180501

160818

24.579999

-84.269996

2344.639
893

34.970001
22

4.309999943

6.650000095

EXI1803_D14_03B_A01

Bryozoa

EtOH

Range
Extension

Southern
West
Florida
Escarpment
Canyon
Ridge

20180501

175005

24.579999

-84.269996

2283.590
088

34.970001
22

4.309999943

6.599999905

EX1803_D14_04B

Isidella kerl2¢c

EtOH

Southern
West
Florida
Escarpment
Canyon
Ridge

20180501

175005

24.579999

-84.269996

2283.590
088

34.970001
22

4.309999943

6.599999905

EX1803_D15_01G_A01

Hexactinellida

EtOH

Range
Extension

Southern
West
Florida
Escarpment
Ridge,
Pourtales
Terrace
Sinkhole

20180501

194849

24.569999

-84.269996

2274.520
02

34.970001
22

4.300000191

6.599999905

EX1803_D15 01G_A02

Polychaeta

EtOH

Southern
West
Florida
Escarpment
Ridge,
Pourtales
Terrace
Sinkhole

20180502

174223

24.280000

-82.260002

433.3999
939

34.959999
08

7.980000019

3.799999952

*Sample numbers with “_A##” indicate associate samples.
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Figure 2. (Top image) A bubblegum coral grows from the vertical face of a rock at 2,614 meters (~8,575
feet) depth in the De Soto Canyon region.(Bottom image) Acanella bamboo coral collected from soft
sediments. Images courtesy of the NOAA Office of Ocean Exploration and Research, Gulf of Mexico
2018.

7.2.1 Sample Repositories

The following repositories archive samples collected during NOAA Ship Okeanos Explorer
expeditions.

e Invertebrate Zoology Collections, National Museum of Natural History, Smithsonian
Institution, Museum Support Center, MRC 534, 4210 Silver Hill Road, Suitland, MD
20746
Website: https://invertebrates.si.edu/LoanPolicy.html (Last accessed: September 2020)

e Biorepository, National Museum of Natural History, Smithsonian Institution, Museum

Support Center, 4210 Silver Hill Road, Suitland, MD 20746
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Website: https://naturalhistory.si.edu/research/biorepository (Last accessed: September
2020)

e Marine and Geology Repository, Oregon State University, Burt 346, Corvallis, OR
97331-5503
Website: http://osu-mgr.org/noaa-ex/ (Last accessed: September 2020)

e Ocean Genome Legacy Center, Northeastern University, 430 Nahant Road, Nahant, MA
01908
Website: https://www.northeastern.edu/ogl/ (Last accessed: September 2020)

7.3 Acoustic Operations Results

During EX-18-03, multibeam mapping operations results included 4,283 linear kilometers
mapped and 22,099 square kilometers covered (during this cruise, 15 ROV dives were attempted
in the U.S. EEZ). Figure 3 and Figure 4 show detailed coverage areas of operation for EX-18-
03.
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Figure 3. Overview of bathymetric mapping coverage during the EX-18-03, Gulf of Mexico 2018, expedition. The
color-coded bathymetry shows cumulative multibeam sonar bathymetry collected previously by NOAA Ship Okeanos
Explorer. Image courtesy of the NOAA Office of Ocean Exploration and Research.
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Figure 4. Locations of EM 302 water column anomalies from EX-18-03.

The EX explored two archaeological sites resulting in 3D models of both sites for BOEM and
NOAA maritime heritage programs. Photogrammetry was used to document underwater features
in 3D (Figure 5); this combined image acquisition protocols and the ability to render both
geometrically accurate and photorealistic models crafted from photos and videos collected by the
ROV. These are available on the OER website at
https://oceanexplorer.noaa.gov/okeanos/explorations/ex1803/logs/apr2 1/ welcome.html (Last
accessed June 2020).
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Figure 5. Orthophoto showing the bow of the tugboat New Hope, generated using imagery collected during
Dive 01 of the expedition. This kind of orthomosaic is a series of individual photos which are matched using
thousands of points to form a new 2D composite image consisting of all the smaller images, but with any
distortion from perspective shift removed. Image courtesy of the NOAA Office of Ocean Exploration and
Research, Gulf of Mexico 2018

Additional information about the mapping conducted during EX-18-03, including data quality
assessments, is in the EX-18-03 mapping data report at
https://repository.library.noaa.gov/view/noaa/23723 (Last accessed June 2020).

7.3.1 Acoustic Operations Data Access

Multibeam Sonar (Kongsberg EM 302)

The multibeam dataset for the expedition is archived at NCEI and accessible through their
Bathymetric Data Viewer at https://maps.ngdc.noaa.gov/viewers/bathymetry/ (Last accessed
June 2020). To access these data, click on the Search Bathymetric Surveys button, select
“NOAA Ship Okeanos Explorer” from the Platform Name dropdown menu, and “EX1803” from
the Survey ID dropdown menu. Click OK, and the ship track for the cruise will appear on the
map. Click the ship track for options to download data.

Sub-bottom Profiler (Knudsen Chirp 3260)

The sub-bottom profiler was not run during any of EX-18-03’s ROV dive operations, but
generally was operated during multibeam mapping operations. The data are archived at NCEI
and accessible through their Trackline Geophysical Data Viewer at
https://maps.ngdc.noaa.gov/viewers/geophysics/ (Last accessed June 2020).

Sub-bottom data, supporting data, and informational logs will be available in the NCEI Data
Archives accessible at https://www.ngdc.noaa.gov/ (last accessed June 2020). For any
challenges accessing SBP data, send an inquiry to ncei.info@noaa.gov requesting access to EX-
18-03 Knudsen 3260 sub-bottom raw and processed data.
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Split-beam Sonars (Simrad EK60)

EK60 water column data for EX-18-03 are archived at NCEI and available through their Water
Column Sonar Data Viewer at https://www.ngdc.noaa.gov/maps
/water_column_sonar/index.html (Last accessed June 2020). To access these data, click on the
Additional Filters button, deselect “All” next to Survey ID, and select “EX1803” from the
Survey ID list. Click OK, and the ship track for the cruise will appear on the map. Click on the
ship track for options to download data.

Acoustic Doppler Current Profilers (Teledyne Marine Workhorse Mariner and Teledyne Ocean
Surveyor ADCPs)

ADCP data collected before and during ROV dive operations are archived at NCEI and will be
available through their Global Ocean Currents Database at
https://www.nodc.noaa.gov/gocd/sadcp_oer_inv.html (Last accessed June 2020). For any issues
accessing the ADCP data please contact ncei.info@noaa.gov.

7.4 Conductivity, Temperature, and Depth (CTD) Measurements

The ship’s CTD profile data from EX-18-03 are archived at NCEI and available through OER’s
Digital Atlas at https://www.ncei.noaa.gov/maps/oer-digital-atlas/mapsOE.htm (Last accessed
June 2020). To access these data, click on the Search tab, enter “EX1803” in the Enter Search
Text field, and click Search. Click on the point that represents EX-18-03 to access data options.
In the pop-up window, select the Data Access tab for a link to download the CTD profile data.

7.5 Sun Photometer Measurements

Sun photometer measurements are available through NASA’s MAN at https://aeronet.gsfc.nasa
.gov/new_web/maritime_aerosol_network.html (Last accessed June 2020). Access these data by
searching the table for “2018”, “Okeanos Explorer”, and “Gulf of Mexico”. Click on the links to
download the data. (Note: There may be more than one entry for NOAA Ship Okeanos Explorer
in a region in a given year.)

7.6 Engagement

EX-18-03 engaged with audiences around the world, opening a window of understanding into
the deep sea. Highlights are listed below:

e Live video feeds received over 300,700 views, and web content received 99,700 website
visits during EX-18-03.

e (Conducted 16 live interactions and 40 ship tours to engage over 400 people from a
diversity of audiences on both the ship and the shore, including supporting events at the
Exploratorium in San Francisco, Stanislaus College, NOAA Kids Day, NCEI VIP Open
House, Sushi by the Sea, Boston College at the URI ISC, the Los Angeles Conservation
Corp’s SEA Lab, a Silver Spring ECC Open House, and other events.

e Over 50 news/web articles covered EX-18-03. Stories appeared in national and local
media outlets and on websites throughout the country, including National Geographic,
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Ocean Conservancy, Ocean News & Technology, NCCOS, Daily Mail, Business Insider,
MSN Video, Live Science, ScienceAlert, the Inquisitr, My SanAntonio, CBS Miami, The
PEW Charitable Trust, Science Examiner, E&E News, Washington Post, Oceans Deeply,
and much more. This coverage amplified the impact of the expedition, increasing the
audience reached.

e A Facebook Live question and answer session that answered 20 questions and received
over 4,000 views.

e Live educational Professional Development workshops and webinars with the National
Aquarium, Loveland Aquarium, museums, and educators.

8. Summary

The Gulf of Mexico 2018 expedition was a 22-day, telepresence enabled cruise to collect critical
information and acquire data about priority exploration areas identified by the ocean
management and scientific communities. The goal of the expedition was to use ROV dives in
combination with seafloor mapping operations to increase the understanding of deep-sea
ecosystems and collect scientific information to support future management decisions. During
the expedition, 15 ROV dives were conducted ranging from 500 to 3,010 meters (1,640 to 9,875
feet) to explore the diversity and distribution of deep-sea habitats and associated marine
communities in the Gulf of Mexico basin. Operations focused on characterizing deep-sea coral
and sponge communities as well as bottomfish habitats, such as brine pools, gas seeps, and mud
volcanoes. Midwater exploration was conducted during two dives, at depths ranging from 2,100
to 300 meters (6,890 to 984 feet), to investigate the diversity and abundance of largely unknown
pelagic fauna.

Hundreds of different species of animals, including several potential new species, new behaviors,
and numerous significant range extensions, were observed. These included the following
observations:

e During Video annotations, the unusual behavior of a potentially new species of squid was
documented around 850 meters (2,789 feet) during Dive 04 of the expedition.

e Documented deep-sea coral and sponge communities during 12 of the 15 ROV dives
(Dives 03-15) during Video annotations, included five high-density communities of deep-
sea corals, one of which is currently among the deepest known (2,600 meters) high-
density communities in the Gulf of Mexico.

e Documented through Video annotations several species of sea stars that were feeding,
including one feeding on a black coral.

o Conducted the first-ever in situ observation of the rare sea star, Remaster palmatus
(family Korethrasteridae).

e C(Collected 65 biological samples—with thirteen of these biological samples representing
substantial range extensions, while several of these may be new species to science.

e Surveyed two sites identified by the Gulf of Mexico Fishery Management Council for
potential future establishment of HAPCs, and to help provide critical baseline data and

information to inform science and management decisions.
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Explored two proposed expansion areas for the Flower Garden Banks National Marine
Sanctuary.

Two archaeological sites were explored resulting in 3D models for BOEM and NOAA’s
maritime heritage programs. Photogrammetry was used to document underwater features
in 3D; this combined image acquisition protocols and the ability to render both
geometrically accurate and photorealistic models crafted from photos and videos
collected by the ROV. Images are available on the OER website at
https://oceanexplorer.noaa.gov/okeanos/explorations/ex1803/logs/apr21/welcome.html
(Last accessed June 2020). The location of these dives are restricted.

o During Dive 01, archaeologists and scientists explored the shipwreck of the tug
boat New Hope for the first time (Figure 5). Information collected during the dive
confirmed the identity of the wreck and might help to support an application of
the New Hope shipwreck to the National Register of Historic Places.

o During Dive 02, archaeologists and scientists performed a reconnaissance survey
of an unidentified wooden vessel with a limited number of metal items inside that
may be related to propulsion or steering (e.g., prop shaft or rudder post).

Mapped nearly 22,099 square kilometers of seafloor, including several areas that have
never been mapped with high-resolution multibeam sonars in the U.S. Gulf of Mexico
EEZ.

Investigated a variety of different geological features including gas seeps, mud
volcanoes, asphalt seeps, and brine pools. The team collected 12 rock samples during the
dives that can be used for geochemical composition analysis and age dating. During
Dives 06 and 07 two new chemosynthetic communities were documented, which
included brine pools and an extinct brine waterfall at Hidalgo Basin and gas seeps at
Walker Ridge 488. Further exploration was done in previously unmapped and unexplored
sinkholes on the Pourtales Terrace.

Collected of more than 11.2 TB of data, including multibeam, single beam, sub-bottom,
ADCP, XBT, CTD and DO profiles; surface oceanographic and meteorological sensors;
and video, imagery, and associated dive and video products.

Engaged with audiences around the world by sharing live video feed of the expedition via
the Internet. The expedition received more than 300,700 views on the OER YouTube
channel; had over 4,000 views on a Facebook Live question and answer session; received
news and media coverage by numerous media sources; and benefitted from the scientific
participation of 85 scientists, managers, and students from 35 institutions in the U.S.,
Japan, Russia, Norway, the United Kingdom, and Canada. The team conducted two ship
tours—for Congressional Staffers and 20 students from St. Stanislaus College
Mississippi—and conducted 16 live telepresence interactions with various groups,
ultimately engaging with over 400 individuals.

Data collected during this expedition are intended to inform the initial characterization of the
areas visited and include multibeam, single beam, sub-bottom, ADCP, XBT, CTD, and DO
profiles; surface oceanographic and meteorological sensors; videos and imagery; and physical
specimens. All data from this expedition have been made publicly available through the national
archives.
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10. Appendices

Appendix A: Data Management Plan

Data Management Plan

Eﬂkear‘rns }Explcn rer (EX1B03): Gulf of Mexico (ROV & @ G Bkt
R and Research

OFR Cata Management Objectives

Testing nil newly re-desigred nefwork impnots non dofa pipelines. pdating sample dofa
manmagement standord operating procedures.

I mar-18 Fage 1
1. General Description of Data to be Managed |

1.1 MWarme and Purpose of the Data Collsctian Projest

Okeanos Explorer [EX1803 ) SGulf of Mexic o (KDY B NMapping)|

1.2 Surmmary description of the data to be collected.

Operations will Includethe we of the ship's desp watermapping systems (Kongsberg EM30Z multibe am sonar,
EKGE split-beam figh eries sonars, Knudsen 3260 chirp sabdsotooerm profiler sonar, and Teledyne fooustic Doppler
Current Profiler], 3BT and CTD casts in support of multibeam sonar mapping cperations, OER's two-body ROV
Ceep Discoverer and Seiries, and the chip's high-bandwidth satallice cennection for continuzus real-time ship-to-
shewre eom munizatinns Operations: are planned in and arsund the US Gulf of Mexdeo and petentialh che

InCe mECicral walers of the Gulf.

1.3 Keywords or phrases that could he used to enable warsta find the dats.

EAr e DI e raTioe Erplers 1, e MAS EHUEATION, Nirss, GEesn BeeEr SIS meryg, Geean e Usation, measn
eaplBraTion, sesan Sxpleralion and ressarch, aeean lIteraey, ooean reasarch, OER, ol enees, seientiiic migsion,
seigntific resg arch, sea. steward ship, systematic exploration, technol ogy, rensfar mational res=arch, undersze,
urrtte rwater, Dandall e, mapping survey, mulcBearn, molibesm backsearte r, multibeam soaar, mult-beam
sObal, Noaa feer, okeanos, ckeanas explorer, RE3T7, Rhode (sland, scentite computing system, 505, single beam
sahar, dnglekyearn soaar, single-beam sonar, sub-dsomom profile, water column backsstter

1.4 Wthis mission is part of a seriss of missians, what isthe saries nama?
Gkeanod ROV Grolses

1.5 Plannad or artual temparal coveraga of the data,

Diates 4112008 tov 5/3/I01E

1.6 Planned oracvoal geagraphiz caverage of the data,

Latitide Brindaries: 137 1o 02

lengtude Boundane s 7.2 1o -3

1.7 ‘What data typed will vou be creat ing or capturing and submitting for archive?

Cruisa Man, Cruise Summary, Data Nanagemant Flan, Highlight Images, Ouick Look Raport, CTR | processad], CTD
|product|, CTO ], Dbve Surn maries, EEED Singlebeam Date, Expe ditien Cruise Report, Fleating Point GesTIF,
HOCE, Highlighe Wi es, Images, Multlseam |imege, Muhibeam (processed), WMultba am (produc], Muibeam
|ranw], MeTCOF, Publication, Raw Widea (digitall. Rew videa | nventary logs, sample Legs, SC5 Gutput

|cormpressed ), 505 Output (nathes], Sub-Bottom Prafile dats, Temperature data, Water Column Beckseatter, KRBT

Okesnos Egylorer [EXLEOG|: Gulf of Meaxico [ROW & Napging|
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20-Mar-18 Pages
(raw}
1.8 What platforms will be employed during this mission?

NOAR Ship Dkeanos Explorer, Deep Discovarer ROV, SEIRIOS Camera Sled

2. Point of Contact for this Data Producing Project |
Owerall POC: Lt Mikolai Pawlenkn
Titla: Expedition Coordinator

Affiliation Dept: M3AA Office of Ocean Exploretion and Research

E-Mail: Mikolzi Pawlenko @noza.gov
Phone: {401} BF4-5478
3. Point of Contact for Managing the Data I
Data POC Mama:  Susan Gottfried
Title: OER Data Manzgemant Coordingtor
E- Mail: sutangettiied@noaa.gov
4. Resources |
4.1 Have resources for management of these data been identified? Trus
4.2 Approximate percentage of the budpet devoted to data mansgemaent. (specify % or "unknown®)
unknawn
5. Data Lineage and Quality |

5.1 What s the processing workflow from collectlon to public release?

505 data shall be delivarad in its native format a5 wall as an archive-ready, documanted, and compressad MetCDF3
farmat ta MCEL-MD; multibeam data and metadata will be compressed and delivered in a bagit formal te MCELCD

5.2 What quality control procodures will be amployad?

Quiality control procedures for the data from the Kongeberg EM 302 is handlad at UNH COOMJIHC, Raw (level-0]
bathymatry files are clesned/faditad inta naw data files {leval-1) and converted o a variety of praducts flevel-2),
Data from sgnsars monitored theough the 505 are archived In their native lormat and are not quality controlled.
Diata from CTD casts and XBT firings are archived i their native format, CT0s are post-processed By the data
managament mam as & quality control measura and custemized CTD profiles sre genarsted far displsy on the
Okeanas Atlas lexplare noaa, goviokeanasatlas).

6. Data Documentation | Truse
6.1 Doesthe metadata comply with the Data Decumentation Directheer?

6.1.1 If metadata are non-exisbent or non-compliant, please explain:
not applicabla
6.2 Where will the metadata be hosted?

Okaano: Explorar [EX1803): Guif of Maxkco (RO & Mappingh
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20-Mar-18 Page 3
Qrganization: A 150 format collection-level metadata record will be generated dunng pre-cruise planning
and published in an QLR catalog and Wab Accessible Fobder (WaF| hosted at NCEI-MS for

URL: hitpa s feaw nedde. noas gov/oer-wal 150 /Resolved 2018/

Miets Std: 50 19115-2 Geagraphec Information with Bdtensions for Imagery and Gridded Data will be the
metadata standard employad; a MetCOF3 standard for oceancgraphic data will be employad
far the 505 data; the Library of Congresd standard, Machine Readable Catabeg | MARC], will be
emplayed for NOAS Central Librasy records.

6.2 Process for producing and maintaining matadata:

Mtadata will be generated via xml editors or metadata generation tools,

7. Data Access I Trua
T.1 Do the data comply with the Data Access Directive?

7.11 i the data will not be available to the public, or with limitations, provide a valid reason.
Mot Applicable

7.12 If there are limitations, describe how data are protectad from unauthorized acoess.

Aptount access bo mastion systems are maintained and contralbed by the Program. ata access prior to pubhc
gccessibility s documented through the use of Data Aequast forms and standard operating procedures.

7.2 Mame and URL of organization or fackity providing data access,
Oz Mational Centers for Enviconmental Inlormation
URL: https o ferawncainoga. gow)
7.3 Approkimate delay between data eallection and dissemination. By what autharity?
Haold Tema: not applicable
Autharity: net applicable
7.4 Prepare a Data Acoess Statement

Mo data access constraints, unless data are protected under the Mational Historic Freservation &ct of 1966,

8. Data Preservation and Protection |
&.1 Actualor planned long-term data archive location:

Data fram this mizsion will be preserved and stewarded through the NOAA National Centers for Environmenta!
mformation. Refer to the Okeznos Explorer FY 16 Data Managament Plan at HOAK's EDMC P Eepository
(Ex_FYL8_DKEP_FInslpdf] for detelied descrigions of the processss, procedures, snd parmses inmived in chis

collabarative effort
8.} Wno archive planned, why?

E.3 Hany deloy between data collection and submission to an anchive fadlity, please explain.

8.4 How will data be protected from accldental or malickous modfication or deletion?

Okazno: Explorer (EX1803): Gulf of Maxico [ROV & Mapping)
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20-Mar- 15 Page 4
8.4 How will data be protected from accidental or malicious modification or deletion?

Data management standard operating procedures minimiong acddental ar mabcious modificaton or delebon ane in
place abpard the Okeancs Explorer and will be enforced

8.5 Prepare a Data Lise Statemant
Data wia ehall b2 credited to NOAS Dftice of Dcean Exploration and Research,

Okeancs Explorer [EXE203): Gulf of Memco [ROV & Mapping)

AT,
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Appendix B: EX-18-03 Categorical Exclusion (CE)

Farrn Wersian: Seplember 2017

Categoncal Exclusion (CEy Evaluation Worksheet

Profuet Identifior: FX1RIEG

Date Review Completed: 3/5/2018
Completed by: LTI Mikola Pawlenko
OAR Funetional Aren; OFR

Waorksheet File Name: 2018-03-0ER-CE-EX1803

=tep 1 CE applicability

1. TIs this federal financial assistance, incloding vin grants, cooperative agreements,
loins, loan guarantees, lnterest snbsldies, insnrance, fond commod ites, direct
appropristions, and transfoes of property o place of ey

na

1. What is the proposed federnl netion?

Tie |-:--|'-|-;_'|_| action 15 docolled bazeline LA datn using e MW OAA Shilp Uikesncs
Explorer's somar systooms and T conduct buseliee dhamclenzations of imesplored arca
ugimg, MOAA s bwocbady remotely operated vehiale (ROV) msl CTT meolfc system o
thie NEEAA Sh il kearae 1 '.|'|i-l' e R [E]RIN: vione will inchisle colkectinn of detilo
bzl renoluten imugery, collecton of Tonited bialogical and goslogicnd samples. and

tagiin] seasor data collectmn

Phe axpoditeen will conduct operstions bt U8 Exclinive Economie Sose (EEZ) in e
Cleldl o Mexico and potentally momtermationnl wisders ol the Chadf ol Mexion
cmmeing on Agwil 11, 200 % in Pusie npamilil NS T30 U N, BB 3 3w gl
conclodima on May 3. 20018 in Key. Weet FL {247 13 86N, 817 48 01"W). See Prdjes!

Instructmons Es-1E=-AE Tor riere cletais

3, Which class of CF in Appendix E of the NAD 21604 Conpanion Manoal is
applica ble G this action and why?
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Farm Version: Sepbembser 3007

@, E3: Actrvities ta collect squate, teveestrial, and abmosphenic data in d ron-destrocive
MARIET

b This eaplaratory engediion will use remols sensing, video, Imagery anel & limibed
nurnber of samples fo coli=ct baseline information on unexplored ar=as of the Gulf ol
WA

4 Waould the action vesulf in adverse effects on human health or safety that are nof

negligible?

Mo, The HOGE Ship ODkeanos Explorer will be opermting in des psea areas of the

Eulf of Mexica during EX-18-03, an expedition which is partaf the Southeast Deep Coral
Inikistive |FEDCT), (222 Teble 1 of EX-18-03 Project kstnaction s Bountding coordinades of the
EX 1804 aperating area| This action doesnot inyche any procedures ar outsomess knawn 1o
result in impacts on human heaalth and =afety more tham waoulkd be negligible,

Wourld the action result in adverse effects on an area with undque enviFenmental
claracteristics that are nof negligihle?

his surveyfeapedition will comiuct opesations neas e Flovids Kieys and Hower Gandens
Matlenal Marine Sancti@nies, but not within ssnctuany bopndanes. OFF ks wording chosely with
Santiiaries stall ko ensure impocks will be less han eglipible.

Thir puperdietian 1s boing planned and conductad in partnership with NO&S Matlonal Marirs
Fisheries Service |NMPS], National Centers for Coastal Ooean Science [NOD0S), Deep Sea Coral
Wesearch amd Technakagy Frogiam (DRCRTPL Flaride Keys NS ardl Flowesr Garderrs Banks NS,
Caullf ol Mawi0 Fridvi o Manassimes il Camel and the Buesa ol Oosan Ermeigy Managsiment
{BOEM], DER will uss tnput fram thes=smanagement authorites that ar= Fmiliar with thess
At Boy enanie o moee Dhan religilde e flecty on Dheye gress with potentislly umiue
enyironmenial chamcieristics

Wauld the action resalt in adverse effects on species or habitats protected by the
E=AL MAPA, NSA, NALSA, or MBTA that are mt negligible?

OER and [he Nations| Tenters fof Cossba) Deedn Soenoe (NCCOS] Rave ket messioies (o
ensure Ehat any effects on species or habitals protected by the ESA, BIMPA, MSA or RS meel
thee definitan of “negligtle”, I kme 20057, 3 reguest from NCCOS was subenitted to the NMES
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Farm Verslon: Sepbember 2007

HIRD Pratected Besawrces [Hvislon to mitate consultation tsder Section T af the BS54 far all
Southeast Deep Coral Initiathes [SEDCY) craises. Accompanying this pequest was ahiological
azsessment that desombed the planned operabons propesed far 200 7-2009 expexditions in the
Gulf of Moxicer ard the Sowth Atlantic that klentifed all £54: lkted species, including corals, in
the wicimity of the operations. On August 17, 2007, NCCOS received & keter that concumed watly
s determinabon that these 200 7-2009 ooerations are not el o advers=ly affect Eil-listed
spociee, The ESA Section F oondirenis Wit & |h'ul\.'!:||'|'J Ak A I’||I|.H'.||'HJ|! & the Project
instructione document for EX-18-03,

Giee=n the oiffshore focus area of our woek, it is improbable that s will ercount=r marme
mammals profected ursder the FMPA o sed birds probected undar the META, 1F we did
BNCHENeT any marine mammals or seabinds, owr offoct soukd ke negligible bamue of the bese
management prachces to which we adhere to avaid or minimize environmental =fects.
NOCTS absi inibiabess] o Fedjisest Tar a Magn usen-Shvens Esserbial Fsh Malitnt [EFH} consilbation
fiorr this same serlns of crusses and siubrequently recsbend 3 doferminaton that the proposed
crisses will mot reduce the gualiby anddar guantsty of EFY, provided sdherence to the OER
proposed precedites and the NNFS geslaice wers bolh corveyed wla letter fram Virglne Fay
fgssietant Hegional Acdministraton, NEFS HabimtConservation Divisicn on Jume 22, 2007

7. Would the action resalt in the potentinl to generbe, mee, store, trmmsport; or dispose
of lzardons or toxie substances, in & maner tat may kave a significont ¢ffect on
the env iroaument !

Mo The cfplss pperaiions will be in cormplance vwith FEC 07 Hazarchonis Waler sl and Hazsrdaos
Waste Mznagement Bogquirements far Ysiting Scientific Farties {or superseding ORALD
procedures| o snsure generation, use, storage, tansport, and disposal of such substamees will
Al Fesultin s nificanl impacls,

H Would the action resuli in adverse effects on propertles listed or eligible for lsfing
an the Notional Begister of Histode Flaces authorized by the Nafional Historic
Preservation Adl of 1966, Notional Historic Landmarks designaied by the Secretary
af il Tnterior, or Mathsnal Momaments designaial through the Antiguities Aot of
19¥ka; Federally recognized Tribal and Notive Akaskan lands, culiural or natureal
resourees, o reblglous or caltural sites that cannot be resolyed throogh applicable

regulatory processesT

During E¥-18-03, we will be conducting ROV dives on sanar anomaly targets belleved to by
shipwrechs. If these anomabes are confirmed to be sgnificanl shipwrecks, they can pot=ntially
bre eligible far liagling on the Kational Aeglster of Hstone Places, OER conducts nom-nwmsioe
surveys of archaeology @rgets and pratects the iocabon of sersitive cultural beriEge sites
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Farm Verslon!  Segbember 2007

(UCHL Apgremdiz H of the EX-18-03 project iestrictiont indludes OFR s standard aperating
procedures far UCH sites. This expedition & bing planned in conjunction with the NOA Office
iof Hational IMarine Sanchimsies’ Maritime Heritage Program and the Buresu of Ooe=an Energy
bznagsment (BOEM], Staff from the Maritims Heritage #rogram and S0EM will participate in

CH ap=rations o ensure that op=rations are non-imeashee and compliant bo all apalicable
regulations.

9. Waould the sction result in a disproportionately high and adverse effect on the health
or the environment of minority o low-inceme commmunities, compored o ihe
imprcts on other commuanities {EO 128987

ko, the NOWA Ship Chiranos Explorer will be opersting in desp sea areas of the Gulf of Meoom
(e Talde ], EX LH-03 Progect Insirs fions, There are mo baman comemunifies aaihin e
Eeggraphic seaps of the cruse; and whisn nearshons, operations will be comdutecd seoeaak miles
offehose. The crivee does not imenlue actions known ar likely ba rewilt inadverss impacks on
hurman hea'tih

10 Wanld the sction contribute io the Introdwction, continaed exlsience, or spread of
na s weeds or nmmative invasive species known fo sccor in the area or actions
that may promete the ivtroduction, growth, or ex pansion of the ronge of the
apecics?

B, Dhirirgg EX-15-03 the ship will ot make lapdPall i aress silver Lhan commeical pacie The
Shi @ dnd CER miseian TEam w8 oty siin all gpplicatie loal and federal re gusians regardmg
the prevention or sproad of invasies species. AT the cornplotion of surny ROV dive or CT0 cast
thee ayiterns will be tharouphdy dnsed with freak wates, compstaly dried shd checked Tof ke
presence of hiologosl iganisms Lo peeven] spreadmy aiganisms Iroms anssile Uo arather, Al
s Engineesing, Departms it aboasd Ths NDAA Bhip Okaardas Explores 3 ilends piarly Ballaat
Management Trainimg in sccordance with NOAA Farm 57-07-13 NMPDES VG Snrual mpechon
and Report to prevent e introduction of fredsive species

1L Would the action resull in a potendial violation of Federal, State, or local law or
veguiremenis imposed for protection of the cnvironment?

The propesst actios will hat fesull in eny viclaions of Federg), State, or local law o
ekt menis imposed for protection of the enyircnment. The survey coord instar obEined [or
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Farm Version: Segtember S0 7

ane in the process of chitaineng} authoriatione andfor comultations pursuant b ap phcable bws,
See netporses to questans B, 5, & and 7 for details

1L Wounld the action resalt n kighly controyversial environmwenial ofMects?

K. The saploration actraties will be localzed and of shart duration o avy partscular araa at any
giuer tirmas. Giver this project's scape and breadth, no notable or lasting changos or highly
controversial effects to the ermaronment will result.

1% Dees the action have the potential to establish o preeedent for faturee sction or an
actinn that represents a decision in principle aboat future actions with potentially
simmificont envirommenin] effecis?

Hin ‘Whils pach cruite contributes to the ceerarching goal of explaring, mappng; and sampling
Tk poEan, every cruis= B inclepeendenily uselul and net connected (o sibssguen] i s

T4 Waould the sctien result in environmental cffects that nre uneertaln, andgue, or
nnknown?

Mo, The techmigues and eguipment used are standard far this type of feld activity

15 Does the action have the potential for significant comuolative inpacts wihn the
propesed action b combdned with other past, present anid reasonably foreseealils
future actions, even though the mpacts of the proposed aetien may ot be
skanificant by themselves?

By definrbon, acticns that a federal agency classifies as a categorical exclusin have no potental,
mdividually or cumudatresty, bo sipmibcanthy affect the epvironmert,; This crese i consistent
whth & Clasd ol CF astabilsbed by NCIAA, ancl thete e no e lfsoidmary orcomsbances fos s

action that may otherwise el o potentially sgrificant impacs
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Farm Werslon: Segitonm bar 500 7

CE Dterimination

m heve determimed that s Categoncal Exchusion s the approprinte level of WEPA malvsis for
thas actin and that no =1:errdrrLu':.'cir\-:|q'nsLarr:ﬂ exisl that would reguame preparstesn of an

emviranmenial asseszment or environmental impact stalenand,

O have determmed thal mmoenyvinonmental assessment o envaronamental mmpact slatament s
reduired for this action,

Signature: %M
Signed by: Craky W Russall

Date Signed: pagroh 5 2018
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Appendix C: EX-18-03 ESA Letter of Concurrence

wrc Btr L
FAETITIRLL LGFARE FESHEFES BEmmae
Pt R, Rl SIS

P e

AUE 1 7. zg17

Reheeea B, Holyoke, Fh.D Buler i MAMFS Mo FPH-1017-9328
Actng Dareclos

Urited Stetes Department of Commence

Metiomal Ciceanic and Aimospheric Admmssirasion

Waticrs] Ocean Sorvice

HMationsl Ceniers for Comstal Deenn Scipos

Silver Spring, Maryiand 209140

RE!  Copcurrence bemer for activities 10 be conducied bor Metional Centers for Coastal Ocenn
Scierce-led activites as part of the Southenst Deep Coral Initietive in 2007 through S00%

Crear Thr. Hohyukee:

O June 22, 2017, the Matiorml Marivss Frsheres Sarviee (MMES ) recebved your reques fora
writien concumence that the Maticmsl Ceriters for Coasial Dosan Seienge’s achivitics 1o be
condueted oo pant of the Southeast Deep Coral Initlative in 2007 throagh 2004 wnder the
Fodangered Speces Act of 1973, a5 smended [ES8; 16 ULS.C. 1551 o s8q.) 5 not likely o
m:m:[:,- witeo wpecies lisbed as thremtemed or endongerned or critical babitnts designnted wnder
ihe ESA. This responss to vour request was prepared by NMEFS parsuant 10 section 7ia)2) of the
ESA, implementing regulations g1 {50 CFR 84025, and agency paldanee fior proparation of lemers
ol concurrence.

This lemler tnderwen pre-dissemdnation resview wsng sendards o williy, megrity, sad
ebjeciivily i complionee with agency puidelses fued wnder sectian 515 of the Treasury asd
Creneral Government Approprigtiens Aot of 2000 {Thia Cheality Act 44 0050 350400y 1) ond
A51A). The concurrence lerier will be avallable thromgh MMES' consultmion racking sysiem
hittps:/ pets nmfsnona.gov/pes-webhomepage pots. A complete record of this consubation s en
fhle af NOAA Fisheries (rfice of Protected Resounces in Silver Spaing, Marylnnd,

Action Ageney”s Effect Determinations

The Nutional Centers for Coastal Ocemn Science determined thet the mciivities to be conducted as
part of the Southedst Deep Coral Initialive may affecs, bt are oot likely to adversely affiecl, the
spesics or distingt papulation segments (DPS] lsted in Table 1. Additionally, the Mational
Cathers fioe Coastal (heean Seicnce determined that the proposed sction would wof desiroy or
adversely modify anmy critital hablias deslpasied 160 te eclion anea {Tablke 1)
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Tahle 1. Action agency determinations Tor species and critical hahitag

Flue whale (Hatasnoprera musculis)  Endangered likely to

-
i adversely alfect

Fin whale { Bolacnoptera phoralis) Endangered NA Mot likely to
adversely affect

Sei Whale (faloeraptéra borealis) Fawdangered MNiA Mot likely to
adversely affect

Bryde's whale, Gulf of Mexico Endangered MiA Mot likely 1o
subapecies (Baloenomera edenil) adversely affact

Sperm whale (P fysaier Emlangensd NA Bt likely 1o
ierocepRaliis) _ adversely alfact

Waorth Atlaniic Right whale Endlingered Mo effect ot likely 1o

Eubalmana gladalis

adversel ¢ alfect i

2 (Chalonia mydas) - Morth

Mot likely to
Allaritie DPS _ adversely affec
Hawksbill turtbe (Eretnmchalis Endangered Mo effect Mot likely to
imbrigata) adversely affec
Kemp's ridley turtle (Lepidochelis Endangerad MNiA Mot likely 1o
k() — adversely affect
Lemtherback turtle {Dermochelys Endmngered Mo effiect Mot likely to
soriacea) _ _ adversely affect
Logperhead turthe {Caretfa carettay —  Threatened Mo effect Mot likely to

orlhmst Atlantie Ooean _addversely affect

Crull ::}rwnmmpsm emyrinehis s No effect :E:J:ﬁl::?r:q
Smalltooth sowlich {Fristis pectnaa) End i No effect Nntlil'.d}'E

— LIS, portion of mnge DPS adversely affect

Wassaw grouper (Epinephelis sratis)  Threatened MNIA ot likely to
adversely affec
Atlantie sturgeon (Acipenser Endangerad Mo effeet Mot likely to
aryrinchus oxyrinokis) — South adversely affec
Atlantic DPS =
Alartee stirgeen {deinenser Endangerad Mo effect Mot likely to
axyrinehus oxyrinckuy) - Caroling adversely affect
DES
Oceamc whitetip shark (Carchartinus  Proposed NIA Mot likely 1o
Tovigimuaniee) Theeatened adversely affoct
Criant manta may (Aanta Soaliis) Proposed WA Mt likely 1o
Threatened adversely affoct
)
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; Mot likely to
Elkham coral {Acrogaera paliaa) advemel}:'. alfact
Staghom coral (Acropera cervicarnis Mot likely 1o

" ¥ J Theextened Nereffect advemnl:f affact
Pillar coral (Dendrogira oilindrris) Threatensd NA Mot likely to

adversely affact

Momtamous star coml (Orbicallo Threatensd NéA Mot likely to
fieclatal adversely affect
Boulder star coral /rbicelle frombar  Threatened NiA Mot likely to

adversely affoct

Lerbed star coral (Orbivelio anmularis)  Threatened NiA Mot likely to

adversely affioct

Rough cactus coral (Mveetopiiiia Threatened MiA Mot likely 1o
feran) adversely affisct

Proposed Action and Action Area

The NOAA Deep-Sea Cornl Besearch and Technology Program identificd reseorch needs m the
115, Federal waters of the South Atlantic Baght, the Canbbenn Sen, ond the noribern Gull of
Mexaco, The National Centers for Coastal Ocean Science proposes 1o fund a three=vear project to
collect information on the deep-water corals found in these areas to provide scientific
information o manage. conserve, and protect deep-sea coral and sponge cocosystems, The
proposed action wall survey the species and abundanece of decp-water corals and sponges to
nform proposals for new managed areas in the regron. The proposed action will:

1} Burvey decp-sen coral ecosystems using remusely operated vehicles.

2y Map deep-water habitais usimg multiheam echosounders

33 Sample the phvsicnl and chemical properiies of the waler column via the deployvment of
conductivity, iemperature, and depth casts and collection of water samples.

The study will targed several non ESA-listed species of deep-water corals, “Deep-waler comls™
here are regarded as those at depths greater than 30 meters. These include Lophelia prertiea,
Lefopathes glaberrima, wivd ather coral members of the Coidasen orders Gorgommoes,
Antipathania, Aleyonoces, and Scleractinin. Deep-water sponge species will also be sampled:
Classes Demospongine, Hexactenellidoe, Calearea, and Homuscleromorphn Lophelio pertusa,
and Lewprather glaberrima are typically foamd at depths between 308 and 1,000 meters. The
other coral members of the Coidarian orders are found at depths greater than 30 meters, as are

the deep-water sponge species.

The study will involve vessel operations aboard two vessels: the vessel used will depend wpon
the arca for the panticular cruise and the availability of the vessel af a given time. The two cruises
in August 2017 will be conducted aboord the NOAA Ship Nancy Foster. The Inter cruises in
2018 and 2019 will be conducted on board either the NOAA Ships Mancy Foster or the NOAA
Cgaroy Explorer, depending on avalability and proximity to the sompling site.

s
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Kesearchers will use either of two remotely operated vehicles (ROV=) 0 collect samples from
target coral species and collext video magery, The ROV wsed for each cruise will depend on the
shigr used, T is siill hemg determined what type of ROV will be used for cruises aboard the
MNOAA Ship Nancy Faster. For crises aboard the NOAA Ship Cearos, the rescarchers will wse
the two-bodied ROV Deep Discoverer and Serios. Each of the proposed ROVs are equipped with
acoustis telemetry devices (a transponder unit, o receiving beacon, and on altimeter) which are
sed 1o locate the ROV duiing wse. The transpoinder units et ignals ot between eight and 30
kilohertz, and the receiving beacons also transmit signals in the mid-frequency range (21.5 10
43.2 kilohertz). The ROV mav also use high-frequency imaging sonar (675 kilohartz) and an
altimeter {500 kilohertz).

Active acowstic sources would be part of the proposed action. There will be a few different holl-
msumted multi-beam echosounders wsed by the research vessels. The proposed action would uwse
different multibesm echosounders becanse ench hns o wmigue operationnl depth and will thus be
able to ensonify the seafloor at a vanety of depths. On board the NOAA Ship Nancy Foster,
three devices may be used, The Reson TIZ 8V2 has a dual fregquency of 200 Kilohertz ar 400
kiloheriz, with an optimal depih range of five to 250 meters. The Simread EM 1002 operates at 35
kiloheriz, and has an optimal depth of 200 to 1,000 meters, The Kongsherg Simard kol
operales ot 38, 120, and 200 kilohertz. The NOAA Ship (keanc: has two mastli-heam
echiosounders, The Kongsberg EM-M2 operates at 30 kilohertz, with an optimal rnge of 2500100
TN meters. The NOAA Ship Obeanos also uses o KongshergSimrad ERG0. During operation,
the power sctting for all devices is at the lowest possible level (approximately 190 4o 210 dE re:
1 pP A with a duty evele set to 1) 10 30 herte)

The ROV will move along pre-detenmimed transects; dives last ahout two to six hours. The ROV
will be tethered at all time=. The ROY and ihe vessel will be moving ai between 1.3 and one knot
while the ROV i= deploved, Abowt six samples will be collected during each dive, and there will
be hetween one and three dives per day. During sample collection, the ROV will hover about one
meter from the bottom o aveid making contact with substrate. Coral zamples will be collected
by a cutting tool on the ROV, Sumples will be about ten io 50 centimeters long, cut from 1he
distal branches of each targeted coral colomwy

During cruises, researchers would also use a conductivity, temperature, and depih (CTD) cast o
collect water samples and churacterize the chemical and pliysical properties of the water around
deep-water coral and sponge ecosvstems, The CTD Sea Bird Electromes-32 (SRE-32) 15 2
device, 325 feet in dismeter s Tour feet tall, that helds 12 fve ner bontles on a carowsel, The
bottles are prograrmined to open aed collect water at different deptha. It weighs 69 Kilograies, and
is Jowered into the water by a power wincl, An SBE 9-11 sensor is attached o the CTT SBE-32,
and it is used 1o lake waler measurements for parameters ke temperaiure, depth, conductivity,
pressure, and dissolved oxygen

The study will be conductad for three vears, with cruises typically tnking place m the swmmer
(May through September), The first two crutses wall 1ake place m Avgust 2017, with one 13-day
eririse and one five-day eruise. The Trst 2007 cruise will leave and returm 1o 81 Petersburg,
Florida, and focus on surveyving the deep-sea coral habitats off West Florida, in the Gulf of
Mexico, The second 2017 cruise will leave St Petershurg and end in Charleston, South Carslina,
focusing on decp-sea corals off Enst Florida. The cruises for 2008 and 2019 are still being
planned, sl coubd geeur in the South Atlantic, northemn Gulf of Mexico, and the Canbbean, The
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Mational Centers for Coastal Oocan Science expexts that there will be four seveys per yem m
2008 anid 2019

Acilon Area

The study would take place i three regions of @we Southeast 178, Federal waters: the northem
Gulf of Blesico, the South Atlantic Bight, and the Caribbean Sea. The desp-water coral research
activitles could take place in exasting (m orange on the megs) or propesed (in green and puarple
on the mepe) manne managed wens. Arens proposed for mclusian in the manne managed arenz
werlil be pricritized for sarmgling over already-coisting marine munagsd areas,

Gulf of Mexico

The areas priontzed for survey in the nosthem Gulf of Mexico inchide these inthe Flower
CGarden Banks National Marme Suncfuary, off A labama, Mississippd, Loutsiana, smd Texas

(Fignre 1k Other potential aress for research g bude the waters srownid the Florda Keys
Matiomal Marine Saeteary and sdditional sreas off Florida

‘a

Mlomimtor
-

24N

Figare 1. Map ol propossd sarvey aress e ihe Gull of Ddexloo. A reos prioritied for surveys nclude ihe
Eﬂm Garden Banker [Matisnal Iarine S ctaary (FCERME) and the Flarida Keys Matien sl Marine Sancbaary

Seath Atlantic Bigh

The arcas surveyed in the South Atlantic Bight seould inc hide those off the coast of Math
Carling, south arcund the Flonida Peninsula (Figure 23 Sites proposed foc mchsion in werine
managed areas nclude those near Gray's Reef Wational Marme Sanctuary, off Georgia, and the
Delomitor Mational bariee Sanctuary, off Nonh Cowroling

Ocean Exploration
and Research 56



Figure 2. Map of propesed mrvey aress in the Seath A dentic Bighd, Areas prioritized for surveys imcdede the

Flarida Beys Ratiom | blarioe Sanctoary (FE TS, the Grop's Beed® Nationas) Mo Saectoary (GEIMS), sl the
T Rnr Mo snsl Marine S cnsary (MITMS)

The areas surveved m the Canbbean Sea wall nchede those wafers aronnd the U2, Virgen
Islandz, Pueto Rice and its surroancing islamds such & vieques, Culebea, Modia, Desechen, il
Momito {Figure ). Sarveys may also take place smound the Wavas=a ksland Hatvonal Wildlife
Refuge. a emall. uninhabited island west of Haitl administered by the U5, Fish and Wildkife
Sarvice.

W L

Flzure 3. Mag of propesed Survey oreas in the Caribbean,
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Meither NMEFS nor the Office of Const Survey identified any interreluted or interdependent
activities assocuated with the proposed action.

Mindmization Measures

Thie Matinal Centers for Coastal Ovean Saence s activitses would include the same protective
measures described and anafyzed in the 2013 Biological Opinon (see deserption in Consulation
History), These measires are as follows:

IS Vefted QIENErTRnee and sip simee | (L
o Redueed speeds (less than 13 knois) when transdling through ranges of ES A-listed
cetaceans (unlbess otherwise required, e.g., NOMSA Sanctuaries)
Reduced speade (less than 13 knits ) whibe transiting through designated critical
habitat (unless slower speeds are required, ¢.g., less than 10 knots in right whale
derignated critical habiiat and manngement areas)
o Trained chservers aboard all vessels: 100 percent obaerver coverage
o Bpecies identification keys (for marine mammals, sea turtles, as applicable] wall
be avnilable on ol vessels
= Minmmire noise
Reduced speed (see above)
Multibenm surveys using = 5 kilohertz fraquencies, bawest possible power and
ping-rate
Single beam surveys using = 30 kiloheriz frequencies, lowest possible power and
ping=rate, and 177 beam angle,
Reduce wse of active acoustics as much as possible, Active acoustic sources
shiaild he tised |m|!. wheii rdquimd for nu\'igu.l'u'm ot data collection and should lse
wsed ad the lowest source level and highest frequency available that is suitable for
the purpose.
«  Minomize vessel discharges (includog aquatse nuisancs species)
o Meetall Environmental Protection Agency Vessel General Permits and Coast
Giuard requirements’
o Aveid discharge of ballast wator in designated eritical habitai.
o Use ati-fouling coatings.
+ Clean hull regularly 1o remove aquatic nuisance spacies.
Avoid cleaning of hull in critical hahitat.
o Awald cleaners with nonyiphenols.
o Rinse anchor with high-powered hose afler retreeval.

ArEEs O 94hel desiengied napiin

o AT RO O R, Sl

Use designated anchornge aren when available
o Ulse mapping data to anelwor in med or sand, 10 avosd anchoring on corals

! See requiremments for Vessels thenerald Fenmits at; higpa:www, epogov mpsksvesssds-vgp
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Awoid anchoring in seagrass eritical habvitat
Minimize anchor drog
& v i 1 2= T senprass des hytnt
There will be no bottom saniple eollections of ooy kind conduded duning this
Crudse
o Cotaceans
Avoid approachimg within 200 yards (1829 melers), 500 yards for nght whales.
o Avoid eritical habitmt, when possible,

o Avoid approaching within 50 yards,
s 2 X Ay

= Use sniff line materals for towing and keep taus during operations to reduce
potential For entsanglement
Reduce knots in the line a3 much as possible
Clearky mark lines in the event an. animal does become atangled so that NMES
experts can idemily the gear.

Avoid contact of gear, towed or lowered, with the sensilive bottom habitat (e 2.,
submerged squatic vegetation ad hard botton)

ESA-Listed specles and Deslgnated Critical Habltat Mot Aifected by the Proposed Action
Upon review of their known range and overlap with the proposed action, we have determined
that the Tollowing species will not be affiscted by the proposed action: Gulf sturgeon, smalltooth
sawlish, and FSADkiad corale. These x|'|=|:i¢r. will e be considered furnther,

Gulf sturgeon could occur within the northem Gulf of Mexico sction area. Gull sturgeon are
fowmd 1 constal rivers in Florida, Alabama, Mississippa, and Losisiamn throughout mast of the
wear, moving into the Gulf of Mexico between September and Wovember te forage over winler.
Dring winter, gulf sturgeon are typically found in nearshore waters two to foor meters doep
(Fo et al, 2002} Since the research activities will 1ake place primarily in waters greater than i
meters deep, we do nol expect gulf sturgeon to b exposed fo the siressors associated with ROV
operation and coral sampling, The vessels used for the sampling cruises may transit through
Walers |.'||.'u.|.|'ri|.-1] h}.‘ gh!f' Hlurg;.:l:m. Hl.'l'l.un.'\'n.-r. Ll'pc I;m,np-cmn.-rl m.ﬂ'm'n 'n-l.'luh.l Eﬁk: plnl.'u dln'hig '|.|'h:
summer, whean gull sturgeon are in rivers, not the Gull of Mexico, Therefore, we do not expect
gulf sturgeon 1o be exposed to sinessons associufed with vessel activity. We have determined tliot
there will be no effect 1o gulf sturgeon as a result of the proposed action.

In the United Siates, sminlliooth sawiish are typically found m shallow coasial waters orogncd
southem Florida wp to ten meters deep (NMFES 20100 Since the proposed action will take place
e waters greater than 50 meters deep, we do nol expect smallteath sawfiah 1o be exposed 1o the
proposed action. We have determined that there wwill be no effect 1o zmalliooth sawlish as a result
of the proposed action.

In their concurrence request, the Nabwmal Centers for Coastal (cean Science wentified several
specica of ESA-listed inveriebrates that mny be affected by the proposed action. These species
i luded: mountainous star coral {Chebicella faveolate), rough cactus coral (Aycatophinllia feror),

=
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bowldsr star eoral (Cirbiceda frants ), lobed star goral (Crbicetia ammdariz), pillor coral
[(Dhendregyra eviindries). staghorm corl {Asropara cormeoris ) and elkhom coral {Zoropora
pm'm.a:a'}

Upon examining the current known ranee of each of these species and the extent of the action
area, we determined that these FSA-lsted corals eecur m some pans of the action anca. ESA-
listed corals occur m the Caribhean and Florida Kevs; there is no confirmed presence of ESA-
listed corals in the northern Gulf of Mexico region {Veron 2014}, The proposed action is
focusing on corals in the deep=water envirommenst at depihs greater than 50 meters. ESA-listed
cowals found in the Canbbeun amd Florda b eys are found ai depths shallower than the propesed
action arca (Table 2 50 we do not expect any ESA-listed coral species to be exposed. Because
the proposed action would take place in an environment where we do not expect ESA-listed
corals to occor, we conchude that there is no effect of the sction to ESA-Hated comls.

Table X, Depth mngea of ESA-listed coral species found in the Caribbean.

ESA-listed Coral Speches Diepth Sunce
Elkhorn Coril Usnally less than & melers, up (NMES 2015)
1o 20 melers
Siaghom Coral _ [ e (MMEFS 2015)
Miourtuining Giar o | oPcally W0 M matering: | op i cidl A0S
Lo A0 meters
Houbder Star Coral 1t 3 imerters {Bramard 20113
Lobaed Star Coral 1 b0 30 et (Brainasd 20113
Fillar Coral 1 1o 25 melers { Aromeson 2Ea )
Rouuh Cactus Coral 5 to 3 meters [Aronson 2008k}

Several nrens of enitical hnbitat have been design sted throughont the action area. Designations
for smalltooth sawiish, Gull sturgeon, wd the proposed Atlantic sturgeon eritical labitat are in
shallow coastal arcas or in rivers. These areas will not be affected by the proposed action, which
will take place in the oceanic, deep-water environment. These areas will not be considersd
firther.

Allected FESAdistied Species wnd Dedonaied Critical Habitod

The proposed action has the pstentinl to atffect ESA-histed species that occur m the waters of the
Soutly Adlantic Bight, Caribbesn Sea, and Gulf of Mexics, Species or designuted eriticul habitag
that mny overlap the action arca are included in Table 3. Becmese the action would occur in three
destinet areas, each with its own variely of ES A=hsted resources, not all species or eritical habitat
would be affected by the action ot any one time, We have sdertificd the potentially affected
resources in the table by the three areas: Gulf of Mexico, South Atlantic Bight, and Canbbean
Ran.
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Table 3. Potentially affected ESA-listed specics and designated critical habitar.

Bhie whale (Bslvrytes E—35ER 16310
: -

Gulf of Mexicn, Bah

Atlantic, Carichaan
Fin whale (Baleenopters E-35FR 18319 - JEFR AR Gulfof Mexico, South
physas) Atlartic, Caricbaan
Sez whale (Balsenoples  E— 35 FR 18319 - — 76 FR 43085 Gulf of Mexico, Sawsh
Loraals) Adlamic, Caribbean
Bryde's whale Guf of E-91FREHE30 - — - Culf of Mexico
Mexica subspecies
|Baanoplava s
Hiarih Aiant i Rght 29 FE 20808 Houlh Aliantia
Wnale E-TAFR1303 and8i1FR I FR 32260
[Evbalsana glacisis) 4837
Bpanm whaw (Fhysster | E—db PR 18310 - - TAFREIRED  Ceull of Mesico, South
macrocentiakis) Alanlic, Carisbean

mydas)

" Gulf of Mexico, South

— Miorth Atantic Alarlic, Caribbean
oPs
FHaviabs| turtle E =135 FR B491 83 FR 8653 o7 PR oBa18  Gullal Mexiso, Sath
(Enstmachalys imneata) Atlaric, Caribbaan
Herrp's Ridley [t E=35FR 18519 = 75 FR 12456 Gull of Mexico, Sauth
|Lapgoehslys wempi) Atlamtic, Carichaan
Leatherback turtie —3&F 1 1771 B3 FR 28360 Gulf of Mexico, Bouth
|Dammochsiys consoas) and 7T FR Atlamtic, Caricbaan
4170
Loggerteed Lurle, I-jGrm oo [0 CRodost  GaCRoeasd  Gull of Mewco, Souh
{Cansiz cansils) JAFRIHS  Aflantic, Caricbaan
Mortweast Allanbc Ocean
ors
MaEEa L groupar - - —— paan
|Epmaphalis siiafis)
Bealoped hammerhead - [BEma01a —— == Carbibean
shaik [ Sphyrre i
Cariral and Southwest
Bllantic 0PS
Atlanhic stungaan, I-_7PRGHE JEREN  —-— Soulh Fliare
{ACipeser a princlhius {Proposed)*
10
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polme,

_—

ayrinchiLs) GUT of Maine
oFs

Atlantic sturgaon, E-YTFRE4TS 81 FR 3871 - Sauth Abantio
|Asipanser axprinchus (ETnpgsed

amyrinchus) ke Yark

Bight CFS

Aflanhc sturgann, E-77TFREATS 21 FR 3570 = Sauth Ablartc
{Acipanzer oxprinchus {Emppeeg”

cayrinohis] Chisapeake

DFS

Atlantic shrgean, TS FR 81504 81 FR 36077 - Soulh Alartic
Aipaiesr axprinchis {Proposed]

anyrinchus) Caralira OPS

Aflaniic siLrgean, IGFEAlE0E  flERaan:y  —- Sauih Atiartc
{Aniperer axprinchis {Pmopased)

ayrinchus) South

Aflantic DRS

A whitetip shark I-B1FF aw m s Gull of Mexico, Souh
(Carharhingg (Propomed) Mlanlic, Caricbasn
longimanis)

Giard rmanta rivy [ Meorids T-82FR — _ Gulf of Mexico, Sauth
birasing) LProposady Atlartic, Caribbesn

*Uriticel habiiet hict heen desigrated, bt 1t will net be affected by the propesed sctiem

Caonsultation History

U Jane 1, 2017, the National Centers for Coastal Ovean Science submitted a memorandum
requesting @ better of concurmence under the ESA Far activities 1o be conducted on the NCCOS-
led ficld nctrerties to be comducted as part of the Southenst Deep Coral Inifintive m 2017 through
2019, On June 22, 2007, the MNational Centers for Coastal Ocean Scienes submitied a revised
mamerandum with addiional information. The Mational Centers for Coasdal Ovean Seionce have
requiested our concurrence that these activities are not likely 1o adversely affect ESA-listed
species or designated criticnl habitsd. NMFS Office of Protected Resources responded on the
samie date that it received all necessary information.

Effects of the Action

Under the ESA, “effecs of the action” meanss the direct and indirect elfects of an action on the
ES A-hzted species or designated critical habriat, wogether with the effects of other sctivities that
are nterrelated or mierdependent with that achion (30 CFR 42023, The applicable standard 1o
find that a proposed action i= not likely to adverssly affect ESA-listed spcuss ar d-emgna.led
critecal habitad s that all of the effects of the action e axpected to be discountabl [t
or complitely beneficial, Beneficial effects are contemporineous positive effects without any
mdverss effiects to the species or eritical habitat. Insignificant effects relate to the size of the
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mpact and should never reach the 2enle where take oceurs. Discountable cffects are those
extremely unlikely o ocour.

Effects of the Action: Vessel Activity

The 2013 biological opinien wdeitified several slressors sssaciated with the Office of Coast
Burveys h}drt]g-.rph'it surveys in coastal waters. These included wessel activity (stnke, acoustic
disturbance, vessel presence, discharges, and introdoction of aquatic nuisance species), These
atressors pose riske 10 ES A-lisbed whales. sea furtles, and fishes.

Sreemvaw Feseal Sirike

Becanae the vesssl would move ai a very slow gpeed during the survey, a strike of marine
reammals or sea turtles would be mprobable and extrerpaly unlikely. Further, adherence to
observation and aveidance procedures is also expected 1o avoid vessel sirikes for marime
mmmmals and sea turtles. We nlso expect ESA-listed fishes to move away from the vessel, and
thus a strike would be extremaly unlikely. Therefore, effects from vessel strikes during the
survey would e discountable for ESA-listed fishes, whales, and sea turtles

Strezsow: Aconstic Defavbemce and Vessel Prerence

When a vessel transits to and from the survey anaas, potantial effects on the ES A-listed species
mehsde vessel sirikes, acoustic disturbance, and disturbance from ihe vessel's presence,
Combined vessel noise and presence could couse slight marme mammal or sea turtle response or
hehavioral imtermaptions, bt they would be minor and temporary as the vessel moves away from
anry marine mammals or sean Turtles, The distance begween the vessel and observed manne
mammals and sea turtles, per avaidance protocol 5, would also mimimize the patential for nconstic
disturhanece from engine noise, Therefore, eflects from acoustic disturbance or presence
assoctted with vessels would be insugnificant for ESA-lsted whales and sea turtles.

ESA-listed fishea such as all five Atlantic sturgeon [XPSes. Massau groupser, Contral and
Southwest Atlantwe DPS sealloped hammerhead sharks, oceanie whitetip sharks, and giant mania
FLys rl'rls]'ll oot i the action area and be e:r..]'iqmr_-d or thee stressors associated with vesss]
vty

Catitral and Southwest Atlantic [PS scalboped hammerhead sharks, oceanic whitetip sharks and
giant manta mys oceupy tropical and subtropical oceanie waters, Oveanic whitetip sharks can be
foutnd at the ocean surface. but moat frequently stay between 25.5 and 50 meters desp (Carlson
anel Crulak 2002: Yowng 20 16, Giant mainta rave are Found af depihs less than ten meters durmg
the day (Miller 20163 Scalloped hammerhead shorks can be found 10 depths of 1.0 meters. We
expect that scalloped hammerhead sharks, giant manta rays, and whitetip eceanic sharks will, For
i most pan. be af depihs where there will bo minimal risk of veasel strike of expodure to noise.

When in the maoring environment, Atlantic sturaeon adults and sub-adults typicnlly occupy
shallow marine waters. less than 13 meters deep {Dumon et al. 2013, Erickson e ol 300 1. The
proposed schion would take place in summer momths, placmg Atlantic sturgesn krgely out of the
aren where most of the vessel achivity and research will acour,
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Nassan prouper typically associale with cornl reefs. with juveniles occupying shallow reasf
habatat. and aduls accupying deep reefs (NMFS 2013) The vessels i use Tor the propesed
setion would be Leo large to enter shadlow walers, and we expect that any exposed Nassau
grouper would mave away from the vessels,

Thie vessel s passage past an ES A-lsted fish would be briel and net Bkely 10 be significant i
impacting any individual's ability to feed, reproduce, or avoid predators. Because the potential
aooustic interference from engine noise would be undatectable or so minor that it conld el he
meanmngfilly evaluated. we find that the mdk froan this potential stressor 1s msigmifcant.
Therefore, we comalude thit acoustic mierference from angine noise is not likely o adversely
affect any ESA-listed fishes.

Strezvor: Dizehorges

The petential for discharges vin fuel or oil lenkages s exiremely unlikely. An oil or fucl leak
would likely pose a significant risk to the vessel and ites crew and sctions to correct a leak should
occur imediately to the exdent podabla. b the avent that a leak should oceur, the amsount of
finel and ol enboard the research vessel is unlikely 1o epuse widsspread, high dose comaminntion
{excluding the remote possibility of severe damage to the veasel) that would impact listed species
directly or pose hazards 1o thair food soarces. Bocause the potential for fual or oil leakage is
extremely unlikely to oceur, we find that the risk from discharges to any ES A-listed species is
discoumiable.

Sergzear! dguaric Nuisanee Species

To minimize the risk of aquatic meisanes species introduction, persennel would: avoid discharze
of ballast water in designated critical habitat; use ami-Tfouling coatings: clean the hull regularly to
remove agquaiie niisance species (hatt avord doing so in crtcal habitaih, and rirse the anchor with
a high-powered hose afler retrieval, These proteciive measures g beyond the requirements of
the Viassol and Small Vesael Ganeral Permite®, aa describad in the mitigation maasures shove,
Furthermaore, the vessels would mot trait outsidie of the Untted States;, therefore, they would mot
mirasdiuce foreign squatic nusance species, CGiven the protective measwres, 111 lighly unhikely
that the vessels would transfer aquatic misance species o any ESA-listed species during the
proposed action. We fnd that the rigk from aquatic nuisancs specios to any E8A-listed species &
drsconmiahle.

Comeiliision

Therefore, we conclude that the effects from vessel activity, pollution by oil or fuel leabage. and
risk af pguatic misanes specics miroduction are msigniticant or discouniable, md not ikely o
wdversely uffect ESA-listed marine mammals, sea turtles, or fishes,

Eiffects of the Action: Deployment and Operagion of Servey Equipment

Thi proposed action inclades the operation of aquipment such as the remotely operated vehicles
amel CTTY casts that could be potential stressors for ESA-listed species. The ROWs will be uased fo
codbect coral samples, and the CTD casis will be used i collect water samples and dada,

! See requiremnents for the Vessels Getvera] Fermit au fmges:www, epn govipdes vessels-vgp
13
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ROWs have acoustie iracking deviees on them that emit sound which could detecied by and
mmpact E8A-hsted spocies. Thie effects of soand from the ROV aperation will be discussed in the
section belaw,

Stresoor: Clpevation of Remotaly Clperated Veliole and CTE Cost

A ROV is an underwater observation vehicle comnectad to a computer operated by personiel on
hoard the ship. The operater directs the ROV 1o wse s eomern to photogmph the sea floor. The
ROV is tethered af all times. The CTI cast is lowered into the ocean by a power winch and is
tatharad the endire time.

Possibls stressors from the ROV and CTD cxst during the proposed netivities include
entanglement from the tether during operation, equipment rike (which could include hitting
coral reell, sulsirate, or m ESA-listed species while in the water columm),

The ROY iz eontrolled by an operator who would have viswal of the surrcundings during
operation and would avand iintersction with ESA-lsted species by navigatme the ROV away
frean the srganism, thereby reducma the Tikehhosd that the ROY would stoke amy ESA-Disted
resource while in use, In addition o the comera, the ROV has novigational equipment (e.g.,
deptly, eading, abitude), allowmg the operates 10 avedd striking bottom. To reduce the risk of
entanglement from the tether attached to the ROY, the Office of Coast Survey proposcd
mitigation measures, These melude usimg o sll line material, keeping the line taut during
operations amnd reducing ke in the line as much as possible. Therefore, tha riska of strike or
entanglement to ESA-lided species from ROV nse are discounstable.

Unlike the ROV, the CTD cast would not have a camera on it while in use. Before deploving the
CTD e, researchers would wse the echosounder 1o ensure that the water depth is greater than
the maximum depth of the CTID cast. This would prevent the CTT2 cast from strikimg botiam,
While dhere is some possibility that o CTD east could strike un ESA-listed species whils being
lowered o the ocean, we consider that possibility to be extremely unlikely. Another stressor
from the CTI cast would be risk of entanglement from the fether. Smilar (o the ROV,
researchers would wse n =tiff line material, keeping the lfine taut during operntions md reducing
knods im the line &= much as possible, Therefure, the risks of strike or entanglement o ESA-listed
scpt.:u'ie:i Tromy C T east are disconntable,

Sereszar: Sownd Sowrces

Devices such as multibeam echosoumders o BOVs would be in use and emit sound wihch
could be within the heanmg range of B35 Adwsted sshales, sea turtles, and fishes. There are up to
five different types of multibeam echosaumnders that conld be used during the propesed achion,
each with a dilferent operating frequency {Table 4).
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Table 4. Operolimg frequencies of geowstic deviees in the proposed action

NOAA SMFI Clieiios I‘:Iﬂ‘lﬁil'h-'l'ﬂﬁm-ﬁ'ﬂz M kHe
Expiarer Kongebery Simrad EK-60 38, 120 and 200 kHz
Reson 7125 BV 2 2000 or 300 kliz
NOAA Ship Naney Sirarad IM 1002 05 Lz
Fimter Kongsherz EM 710 &5 o 100 kHz
Fongeberg Bimead ER-60 3, 120, and 200 KMz

The BOWVE propeded for use in the proposed sction are equipped with varbous devices wsed 1o
bocate and operate the ROV, The ROVs are equipped with acowstic tracking expripment shich
operates of frequencies betwesn cight and 30 kiloherte. The ROV or research vessel’s acoustic
telemetry aystems could have transponder unite, altimeters, and’or sonar that would operste at
frequancies and emnt soumnd that could be within the functional heanng range of BESA=histed sea
turtles. fishes, and marime mamimals (Table 5)

Tuble 5, Functiomal hearmy ranges ol species i the action area

Low frequency cetncesns .
{Balecn whales) (NMFE 2016)
Mid-frequency cetaceans :
{Toothied whales) 150 He v 160 kHz (MMFE 2016)
jpg_lur!lcs {penzral) Lezs tham 1 kHz {Moem et al. 1994}
| Logoerbead sea turtles 250 Hz 1o 750 He (Bartol o al. 1999
Foemngp's ridley sea turtles 100 Hie 1o 504 He (Rerten and Partol 2005)
GGreen sea turdles 1000 He to 80040 Hz (Eeetten and Bartol 2005)
Elasmobrancls { Lemon :
1 and | sharks) 20 Hz to 10060 H2 (Casper and Mann 2006)

The functional hearing ranges of ESA-listed sea turtles are not well understood and vary by
species. In general, the available infonnation on sea turtle hearing mdicales that thear haaring
thresholds are less than 1 kilohers (.'q.-j-:u.':]'n el al, 'I‘_:'";'-!} |.1,:Egn1'huld s Turtles are I]'||.1ugh'l (T5]
have a lunctional hearing range of 250 to 750 henz (Banol et al. 1999, Kemps ridely sen turiles
i range of 100 to 500 herlz, and green sea trtles 100 to 800 heriz (Ketien and Bariol 2005), The
operating frequencies af the ROV felemetry devices (e, ransponder wmits, altimeters, and
somary and the multibeom schoscamders are ouiside the functional hearmg range of ESA-listed
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sea Lurtles, meaning that sound assecinted with their operation is discountable, therefore, not
likely toadversely affect ESA-lhsted sea turtles.

Mid-frecuensy toothed whales, including the E8 A-listed sperm whale, have a functional hearing
range of 130 heriz 1o 160 kilohertz. The Simrad EM 1002, Kongsbere/Simrad ER-60, and the
Hung:dh.'rﬁ FA-302 would |r’1-c'ra.!|:- all fuqum.:i:_-u within the hearing Tunge uf"qﬁm‘n whiales.

Spernn whales lave been observed in the continental slope waters north of Cape Hatieras, Mol
Carolina, in waters T meters or degpar. Sperm whale densities in this area are higher durmg
summer memths (dullin and Fulling 2004; Warmg ef al. 2006). The survey would be south of
where we expect sperm whales to occur in high densitics. As suche we belicve it is very unlikely
that sperm wliales would be exposed 1o the proposed action. The minimization measwres further
reduce the Ekelihood of exposure. Multibeam echosounder trammisdons would be suspendad
when ESA-listed whales are within range. The rescarch vessel would also avoid approaching
cetaceans withine 200 yards (600 feet)y D 1o the minimization measures and that it is unlilaly
that sperm whales would be present in the action area, we conclude that the effects of the
proposed sction 1o sperm whales would be discomntable, and sperm whales nol likely 1o be
adversely affected.

The haetional heanng rmnge of ESAisted baleen whales {Gulf of Mexico Brvde s whale, blue,
finn andd sei whalss1is 7 hertz 1o 25 kilohenz, The multibeam echosounders operate outside the
functional hearing range of these whales, meaning that operation of these deviees are nod likely
b adversely affect E5A-lsted baleen whales,

The altimeters { 500 kilohertz) and sonar systems- (675 kiloherte) associated with the ROV
praposed for use will be outside the functional hearing range of B A-liated baleen whales, Asa
resull, the risk of effects 1o ES A-lsted baleen whales from expasure to soand associted with the
operations of altimeters and senar ayetems ane discountable, and are not Hkely 1o adversely affect
these species. However, the transponder units for the scoustic trackime systenis are within the
hlSﬂ'l'l'l.u T of ESA-listed halsen whales. The lr.mspurlﬂr units Tor the acoustic track ina
gystems operate af betwesn cight and 30 kilohertz or 21.5 and 43.2 kiloherlz, putting these
devices in thw functional heariing range of ESA-listed baleen whales (Gulf of Maxico bryde’s,
b, fin and sei whales). We expect that ESA-listed species will avoid the vessel and ROV,
minintizing the exposure to sound from the ROV operation amd the multibeam echosounders,
Cienernlly, we expect that ES A-listed whales 1o movie away from or parallel 1o the versel (Hoser
and Haolst 2009% The minimization measures further reduce twe likelhood of exposure. We
canclude that the effects of the proposed action to ES A-listed baleen whales would be
discountable, and not Likely to be adverely affected.

The functional hearing ranges of ESA-listed fishes are not well understood. Oceanic whiletip
shinrks, scalloped hammerhend sharks, and giant manta mys are elasmobranchs, and although
there i no known information on the hearing ability of thess specics specifically, other species
of elasmabranchs have heen studied, Hearing ramges of lemon sharks and hom sharks ane
hetwesn 20 hertz and one kilohertz (Cnsper and Mann 2006), and we assume thal the hearmg
range of ocemic whitetip sharks and giant mamis rove are within this mnge as well. The
altimeters, sonar systems, and transponder units For the acoustic tracking system for the BOV are

Lix

o,
S

{& @‘E Ocean Exploration
’cw" and Research 67



ot i the hearing range of elasmobranche, and thus not within the range of scallopsd
harsmerhead sharks, oceanie whitetep sharks asd goant manta mys, The muttibean echosounders
all aperate at frequencies ahove one kilohertz, and thus not i the heaning range of ESA-lsted
shrks.

Information wvailzble about the hearing abilities of Atlmiie surgeon come from studies of other
species of sturgeon, All five DPSs are conzidered in this analysis simee Allantic siurpeon from
mliiple river systems “mix™ in the marine environment (Wirgin et al. 200132 Wirgin et al.

201 3h). Mever et al. (2010) recorded suditory evoked potentials to pure tome stimuli of varymg
I‘r\eq&unl;y and intcnwily n lake slurgean {.-lr.fpenmﬁu]»um‘mdx}h'.‘c h-:ﬂscm.'iu'\.'ily Trusim 50 1
400 hertz. Lovell ot al. (2005) also studied sound reception in and the hearing abilitics of
paddiefisl { Polvodon spathula) and lake sturgeon i pressure dominated and particle motion
dominated soumd felds. They concluded that both species were responsive to sounds ranging n
fregquaney from 100 to 500 hertz with lowest hearing thresholds from Frequencics in bandwidilis
hetwizen 200 snd 300 hertz and higher thresholds at 100 and 500 horte. Based on this
miformation, we conelude that the muhibeam echosoundes and the systems associated with the
RiOV= operate outside the fimetional hearing range of Atlantic sturgeon, The effects are
imsignificant, and Atlantic sturgeon are not likely te be adversely affeeted.

Thers are limited datn on sound production m Massau growper, other species of grouper e
been studied and summarized here. Nassau grooper sound production, or "grumis”, imvelves
contraction of a bilateral post-opercular musele that is connected to the swim bladder (Fazlet
19623, Nelson et al. (201 1) reported on red grouper sound production m Florida usmg passive
neoustic and video monitoring, Red grouper procuce low-frequency pulses, broadband pulses
and pulse traims, &= well &= shorl calls labelled as “growls™ with their dominant frequency at
ahaut 130 hertz (MNebson et al. 200 1) Based on this information, we conelhede that the multibearm
echosounders and the svsiems associated with the ROVs operate ouside the functional hearing
range of Marsan grouper. The offects are ingignificant, and Nasaau grouper are not likely to he
adversaly affected.

D to the minimization measares and the expected avoidancs beluvior of EBA-listed specics,
wie believe that the proposed we of the multibeasn eschosousders, ROV, amd these associated
soumd sowrces would have insigmficant effects, 0T any, on ESA-listed species. Therefore, the
elfects From sound associated with ROY wse and! s operation are nod likely to sdversely affect
ESA-listed whales, sea torles, or fishes.

Effects of the Action: Designated Critical Hohitat

The proposed action may oceur within eritical habitats that have been designated or loggerhend
sea turtle Momhwest Atlantic Ocean DFS. green twrtle Nonh Atlangic DPS, hawkehdlll and
leatherback sen rles, elkhom and stnghom corals, and North Atlantic right whale,

Critical habitat for the Monhwest Atlantic Ocean distinet population ssgment of loggerhend sea
turtles s designated i several imits aff the soullsenstern coast of the United States, within the
proposed action aren, specifically, the Srgasmms habitat, Ciher units of designated critical
habital for kxgperhead sea tortles, such as nearshore reproductive, foraging, breeding, migratory,
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or winter unis, are utside the action ares. The essentinl biological features for Sargassum
hahitat e lude:

1. Convergence zones, surface-water downwelling aréas, margins of major boundary
currents (Gulf Stream), and other locatiors where there are concentrated compoanents of
the Saragasum commumily in water emperatures suitable for eptmnal growth of
Sargasaon and inhabitance of loggerheacls

2. Sargatuon in concenirations that suppon adequate prey abuirdance and cover.

3. Available prey and other materdal associated with Sargassues habiat meluding plants and
eyanabacteria and anmals native o the Sargassum communmiy,

4, Sufficient water depth and proxcimity to available curreta 1o snsure offshore transport
(ot of the surf zome). and foraging and cover requiremenis by Sorpassum Tor post-
hatchling loggerhends, e, preater than ten meters depth.

The proposed action will invelve vessel activity, ROV aperation. bathymetric data acquisition,

and coral and water sample collection. These activities will not affact the ocemie features, prey
abundanes, cover, water depth, or other sssential bislogicnl feptures for loggerhead Sarrassum

critical habital. Therefore, we conclude that there will be no effect from the proposed action to

loggerhesd designated critical habitar.

Critical habitat hos been designuted for hawkshill sea turiles in Puerio Rico, around the coastul
waters adjacent to Mona and Monito [slands, and may be exposed to the proposed action.
Critcal habitat has been desigmated for preen sen turtles m Culebea [sland, Puerto Rico, Mo
primary constituent elements were identified in either designation, b several activities were
mlentitied as requinng special management conssderations, These include vessel traffic. coastal
construciien, point and non-podnt source pollutsen, Nshing activities, dredge and Gl activities,
and habitat restortion, The proposed action will includs vessel activity, and therefore does
require epecial management comsideration with regard to hawkehill and green sea turthe
designated critical habatat. The mule mchedes a discomsion of vessel traffic potentially affecting
desigmated cntical habitat, specifically, propetler dredgimg and anchor maoring disrupting
henthic habitats by crushing coral. breaking seagrass root systems, and severing rhizomes.
Rocreatiomal boating may also trample seagrass beds and live botiom. and disturb seagrasses and
coral The vessel sperator will use mapping dats 1o aveid anchoring on sensitive botlean Types
like coral reefs and seagrasses. The ROV would be operated Lo avoid hittling botiom, We believe
il & extremely unlikely that the large research vessels, which have a 13.5-foot and 20-foot draft.
would be in swch shallow waters as to danage baothic babatats with s propeller. We conclude
that the proposed notion would not destroy or sdwersely modify designated critical habitat for
green and hawksbill sea turiles,

Critical habitat hias bean designnted for leatherback ses turtles in the constal waters adjacent 1o
St Croke, 1.5 Virgm Elands, and may be exposed to the proposed action. Mo primary
constitment clements were identified in the designation, but several activities were identified as
thaxse that ml_g"l mtrd.lﬁl ertical habital, These include recreaiional hnﬁng aind x'uwrnm'mg.. el
sandmining. The proposed action will mehede vessel activity, ROV operation, bathvmetriz data
wequisition, and coral and water sample collection. These activities are nol identified as ones that
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can ovedify the eritical habital, We conclude that the proposed action would mod be likely o
destroy o adversely modify designated eritical lsabitat for leatherback sea turtles.

Critical habitat bns been designoted for elkhom mnd staghomn coral m the Florida Kevs, Posrio
Rico, and the U8, Virgin Islands. Designated cratical habitat for these specaes is within the
action area, specilically the South Attantic Bight and the Caribbean Sea. The essential biological
features for the designation includes substrate of suitable quality and availability to support
suceesaul larval setilement and recraitment. and reatiachment and recruitment of fragments. The
proposed action will involve veasel activity, RO% operation, bathymeiric data scquisition, and
coral and water sample collection, These senvities willl not mvalve altering the avmlabihity or
quality of subsirate. The researchers will nse designated anchorage areas and use mapping data
to only anchor i approprisle areas (e.g. mud or sasd). We conclude that the proposed action
wauld not be lkely 1o destroy or sdversely modify dessgnated cntical habatat for elkhom and

slagham coral.

Critical habrtat for North Atlaetic right swhales (s designated within the action area, in the maring
walers extending from Cape Fear, Nosth Caroling to approximately 27 nanstical miles balow Cape
Canaveral, Florida. This unit was designated as w calving area for Morth Atlantic right swhales.
Essantial featuses for North Atlantic right whale critical habitat inchade:

#  Colm sea surfaee conditions of Fores Fowr o less on the Beaufort Wind Scals,

& Seasurface temperatures from a minimum of seven deégrees Celsius and never more than
17 degres Celsius, and

& Water depths of six (o 28 meters, where these Features smanltaneonsly co-aoour sver
conliguous areas of af least 231 nawtical miles squared of ocean waters during the months
of Movernber through Apnil,

Thi proposed action would not entail activities that affoct the essential features of the critical
hahatat, bacause the activites would not affect ocemographic conditions. We conclude that the
proposed action would not be likely to destroy o adverselv modity designated ertical hobitot for
MNorth Adlantic right whales,

Conclhusion

Based on this anabvsis, MMFS concurs with Nateenal Cemters for Constal Ocenn Science’s
determinntion that all effects of the proposed action are not likely 1o adversely affect the subject
ES A«listed species and o designated critical habitats.

Heinitiation of Consaltation

Remitintion of comsultation is required and shall be requested by the Federal agency, or by
MMEFS, where discretiomary Federal involvement or eonirel over the action has been relained or
= anthorized by bw and (1) new mformntion reveals effects of the action that may affect an
ESA-lsted specres or designated critical halbnad an a mammer or 1o an esxtent mol previowsly
comsrdered; (2 the whentified action 15 subsequently mohified im o mamer that cuuses an el o
the ESA-listed species or designated critienl habatat that was not considerad in this concurrence
letter, or iF {31 a new species is listed of critical lsabitst designated that may be affected by the
identifiad action {50 CFR §#02.16)
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Please direct quesiions regaeding this letler 1o Coberte Caime consnlting hiologist, MMFS® Dffice
ol Provected Resources, af {3017 427-F414 or colene caims@lnnaz. goy.
Rincarely,
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Chici. ESA Inferapency Cooperatbon Division,
Office of Protecied Resoumes

oo Paula Whitfelt; Natdonal ©enters Tor Coastal Ocean Scienes, Natiomil Ocean S=rvice
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Appendix D: EX-18-03 Essential Fish Habitat (EFH) Consultation Letter
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Appendix E: NASA Maritime Aerosols Network Survey of Opportunity

Survey or Project Name
NASA Maritime Aerosol Network Survey of Opportunity

Lead POC or Principle Investigator (PI & Affiliation)
POC: Dr. Alexander Smirnov

Supporting Team Members Ashore
Supporting Team Members Aboard (if required)

Activities Description(s) (Include goals, objectives and tasks)

The Maritime Aerosol Network (MAN) component of AERONET provides ship-borne aerosol
optical depth measurements from the Microtops II sun photometers. These data provide an
alternative to observations from islands as well as establish validation points for satellite and
aerosol transport models. Since 2004, these instruments have been deployed periodically on
ships of opportunity and research vessels to monitor aerosol properties over the world ocean.

During the cruise the marine aerosol layer observations were collected for the NASA MAN
research effort. Observations were made by mission personnel (as time and weather allowed)
with a sun photometer instrument provided by the NASA MAN program. Resulting data were
delivered to the NASA MAN principle investigator, Alexander Smirnov, by the expedition
coordinator. All collected data were archived and are publicly available at:
http://aeronet.gsfc.nasa.gov/new_web/maritime_aerosol network.html

Equipment resides on the ship and is stewarded by the Expedition Coordinator.
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Appendix F: Acronyms

3D—Three-dimensional
ADCP—Acoustic Doppler Current Profiler
AERONET—Aerosol Robotic Network
AMNH—American Museum of Natural History
BOEM—Bureau of Ocean Energy Management
BSEE—Bureau of Safety and Environmental Enforcement
CE—Categorical Exclusion
CTD——Conductivity, temperature, and depth
D2—ROYV Deep Discoverer
DNA—Deoxyribonucleic acid
DO—Dissolved oxygen
DSCRTP—NOAA Deep Sea Coral Research and Technology Program
EEZ—Exclusive Economic Zone
EFH—ESssential Fish Habitat
ESA—Endangered Species Act
EtOH—Ethyl alcohol, or ethanol
FAU—Florida Atlantic University
FIU—F]lorida International University
GEMS—Geoscience Earth & Marine Services
GFOE—Global Foundation for Ocean Exploration
GCSC—NOAA Gulf Coast Services Center
HAPC—Habitat areas of particular concern
ISC—Inner Space Center
JAMSTEC—Japan Agency for Marine-Earth Science and Technology
LSU—Louisiana State University
LSS—Light scattering
MAN-—Maritime Aerosol Network
MPA—Marine Protected Area
NASA—National Aeronautics and Space Administration
NCCOS—NOAA National Centers for Coastal Ocean Science
NCEI—NOAA National Centers for Environmental Information
NEPA—National Environmental Policy Act
NESDIS—NOAA National Environmental Satellite, Data, and Information Service
NMFS—NOAA National Marine Fisheries Service
NOAA—National Oceanic and Atmospheric Administration
NWFSC—NOAA Northwest Fisheries Science Center
OER—NOAA Office of Ocean Exploration and Research
OMAO—NOAA Office of Marine and Aviation Operations
ONMS—NOAA Office of National Marine Sanctuaries
ORP—Oxygen reduction potential
ORR—NOAA Office of Response and Restoration
OSU—Oregon State University
ROV—Remotely operated vehicle

SAFMC—South Atlantic Fisheries Management Council
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SEDCI—NOAA Southeast Deep Coral Initiative
SEFSC—NOAA Southeast Fisheries Science Center
SBP—Sub-bottom profiler

SI—Smithsonian Institution

SIO—Scripps Institution of Oceanography
SIS—Seafloor Information Software

SOI—Schmidt Ocean Institute
TSG—Thermosalinograph

TB—Terabytes

UCAR—University Corporation for Atmospheric Research
UCH—Underwater Cultural Heritage
UH—University of Hawai'i at Manoa (UH)
ULL—University of Louisiana at Lafayette
URI—University of Rhode Island

USGS—U.S. Geological Survey

USNM—National Museum of Natural History
WHOI—Woods Hole Oceanographic Institution
XBT—Expendable bathythermographs
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